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ABSTRACT 


A preliminary  design  technique  for  the  prediction  of 
aerodynamic  loads  acting  on  external  stores  has  been  es- 
tablished through  an  empirical  correlation  of  wind  tunnel 
results  obtained  on  a scale  model  of  the  F-lll.  Approxi- 
mately 30,000  engineering  data  points  were  surveyed  for 
various  combinations  of  external  stores.  These  data,  ori- 
ginally stored  on  magnetic  tape,  were  transferred  to 
CDC  6600  disk  packs.  This  was  done  to  reduce  the  amount 
of  computer  run  time  required  to  collect  the  desired  sam- 
ples of  data.  For  this  study,  correlations  were  performed 
on  each  aerodynamic  component  of  load  or  moment  acting  on 
a particular  store  grouping  as  a function  of  various  geo 
metry  parameters . The  work  was  accomplished  primarily 
through  the  utilization  of  numerical  programs  in  which, 
through  a series  of  trial  and  error  calculations,  an  equa- 
tion composed  of  various  key  geometry  parameters  was 
generated.  The  equations  obtained  for  the  numerical  pro- 
grams predict  normal  force.,  side  force,  pitching  moment, 
yawing  moment,  and  rolling  moment  for  various  external 
store  arrangements.  These  forces  and  moments  are  predicted 
at  discrete  angles  of  attack  and  angles  of  sideslip  of  the 
store.  Sections  1 through  8 and  Appendix  I summarize  the 
wind  tunnel  results  utilized,  the  computer  software  devel- 
oped to  process  the  data  and  the  results  of  the  correlation 
studies.  Appendix  II  contains  the  mathematical  relation- 
ships to  determine  five  components  of  aerodynamic  force  or 
moment  acting  on  various  external  store  arrangements.  This 
appendix  is  self-contained  so  that  it  may  be  removed  and 
used  more  conveniently.  The  mathematical  relationships 
provided  are  intended  for  use  in  preliminary  design. 
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SECTION  1 


INTRODUCTION 


The  development  of  military  jet  aircraft  with  improved 
thrust- to-weight  ratios  has  allowed  an  increase  in  the  num- 
ber and  types  of  weapons  carried  on  externally  mounted 
pylons.  In  addition,  increased  penetration  speeds  over 
target  areas  has  resulted  in  greater  aerodynamic  forces  and 
moments  acting  on  the  stores.  These  two  factors  require, 
even  in  the  preliminary  design  stages,  that  a detailed 
structural  analysis  be  conducted  to  ensure  that  only  the 
minimal  structural  weight  is  added  to  resist  the  aerodynamic 
and  inertial  loads  resulting  from  the  stores. 

Modern  attack  aircraft  can  mount  a large  variety  of 
external  stores  simultaneously  on  multiple  pylon  locations. 

In  order  to  obtain  the  aerodynamic  data  necessary  in  the 
design  process,  all  of  the  major  aircraft  companies  depend 
on  extensive  wind  tunnel  testing.  As  a result,  several  of 
the  major  aircraft  companies  have  extensive  libraries  of 
wind  tunnel  results  for  aerodynamic  force  and  moments  acting 
on  many  varieties  of  external  store  configurations.  The 
availability  of  large  amounts  of  wind  tunnel  data  offers  the 
possibility  that  the  prediction  techniques  could  be  developed 
based  on  an  empirical  correlation  of  the  wind  tunnel  results 
to  various  pertinent  geometry  parameters.  This  would  effec- 
tively generalise  the  data  and  allow  application  to  other 
aircraft  programs. 

Studies  are  currently  being  conducted  to  develop 
analytical  techniques  for  the  prediction  of  aerodynamic 
loads  acting  on  external  stores.  With  high-speed  digital 
computer  equipment,  very  complex  mathematical  solutions  may 
be  obtained  with  reasonable  machine  run  times.  Reference 
26  is  a finite-element  lifting-surface  potential-flow- theory 
program  that  is  capable  of  calculating  surface  pressure 
distributions  for  actual  aircraft  geometries.  This  procedure 
was  developed  from  Referenra  27  but  was  modified  to  obtain 
solutions  at  subsonic  speeds  and  to  allow  for  external  bodies 
to  be  evaluated.  The  program  in  its  present  format,  however, 
is  useful  for  the  solution  of  single-pylon  arrangements  only. 
This  is  primarily  due  to  the  number  of  lifting  surfaces  which 
may  be  input.  With  geometry  representation  of  the  aircraft, 
the  limited  number  of  control  points  allowed  is  quickly  ex- 
ceeded if  a fin  arrangement  for  anything  more  than  a single 


weapon  is  represented.  In  addition  to  this  approach,  attempts 
to  solve  the  interference  problem  between  adjacent  stores  are 
being  made.  As  illustrated  in  Reference  28  some  degree  of 
success  has  been  achieved.  In  total,  however,  it  must  be 
stated  that  the  availability  of  analytical  techniques  for 
predicting  external  store  aerodynamic  loads  in  multiple 
store  loadings  is  remote  and  empirical  techniques  based  on  a 
correlation  of  existing  experimental  data  offer  the  best 
alternative  at  this  time. 

Most  of  the  up- 1.' -date  testing  to  obtain  external  store 
aerodynamic  loads  has  been  accomplished  utilizing  miniature 
strain  gages  contained  in  the  external  store  and  designed 
to  yield  five  and  six  components  of  aerodynamic  force  and 
moment  data.  During  the  F-lll  program  such  instrumentation 
was  employed  on  a l/12th  scale  model  of  the  complete  configu- 
ration. During  the  testing  as  many  as  four  pylon  stations 
were  instrumented  simultaneously.  All  of  these  data  were 
then  recorded  on  magnetic  tape  for  subsequent  analysis  util- 
izing digital  computer  equipment. 

This  backlog  of  experimental  data  formed  the  basis  for 
the  subsequent  studies  reported  in  this  document.  These 
studies  were  conducted  to  establish  empirical  prediction 
techniques  for  five  components  of  force  and  moment  acting 
on  an  individual  store  correlated  to  pertinent  geometry 
parameters  of  the  store  and  its  location  on  the  configuration. 

The  development  of  the  prediction  methods  evolved  in 
three  steps: 

o Formulation  of  a data  library 

o Selection  of  correlation  techniques 

o Application  of  the  correlation  techniques 

The  mass  of  F-lll  1/12-scale  model  external  store  loads 
data  formed  the  data  library.  These  data  contained  on  magne- 
tic tapes  was  assembled  on  magnetic  disk  pack  to  reduce  the 
digital  computer  run  time  for  subsequent  surveys  during  the 
actual  correlation  studies.  To  establish  the  geometric 
correlating  parameters  use  was  made  of  established  statis- 
tical methods  of  regression  analysis.  The  particular  sta- 
tistical technique  coded  for  use  with  CDC  6600  digital  com- 
puter equipment  produced  an  equation  which  predicted  the 
particular  force  or  moment  coefficient  at  a definite  angle 
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SECTION  2 


DATA  LIBRARY  FORMULATION 


One  of  the  most  important  aspects  of  the  empirical 
study  to  develop  prediction  techniques  for  external  stores 
was  to  establish  a permanent  library  of  experimental  data. 
During  the  development  of  the  F-lll  a l/12th  scale  model 
was  built  and  instrumented  to  allow  the  measurement  of 
aerodynamic  forces  and  moments  acting  on  various  external 
store  configurations.  The  F-lll  has  eight  wing  spanwise 
pylon  locations  and  any  pylon  station  is  able  to  carry  a 
single  weapon  or  a cluster  of  as  many  as  six  weapons. 

Because  of  this  flexibility  a large  variety  of  external 
store  combinations  were  tested  and  all  of  the  data  taken 
were  recorded  on  magnetic  tape. 

This  section  of  the  report  illustrates  the  general 
arrangement  of  the  F-lll  airplane  and  defines  the  pylon 
and  external  stores  geometries.  Tables  are  included  which 
show  schematically  the  various  total  configurations  tested 
with  the  location  of  the  strain  gage  instrumentation  noted. 

2.1  F-lll  Airplane  - External  Store  Geometry 

Wind  tunnel  testing  of  a l/12th  scale  model  was  con- 
ducted with  miniature  strain  gages  installed  in  various 
external  store  arrangements  to  measure  five  components  of 
aerodynamic  force  and  moment  acting  on  a store  configuration. 
The  components  measured  were  normal  force,  side  force,  yawing 
moment,  pitching  moment,  and  rolling  moment.  Many  types  of 
stores  were  tested  at  subsonic,  transonic,  and  supersonic 
speeds  at  wing-sweep  angles  from  16  to  72.5  degrees,  at 
angles  of  attack  of  -5  to  +20  degrees,  and  at  sideslip 
angles  of  -10  and  +10  degrees.  In  addition  to  these  param- 
eters, the  broad  range  of  configuration  design  parameters 
covered  were: 

o Store  type  (stc/e  geometry) 
o Store  arrangement  on  pylon 
o Pylon  position  on  wing 
o Variations  in  pylon  loading. 
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A three-view  drawing  of  the  F-lll  is  shown  in  Figure  1. 

Each  half  of  the  wing  has  four  pylon  stations.  A movable 

pylon,  snown  in  Figure  2,  is  mounted  on  the  two  inner  sta- 
tions, and  a fixed  pylon,  also  shown  in  Figure  2,  is  mounted 

on  th‘~  two  outer  stations.  Two  types  of  racks  (Figure  3) 
are  used  for  attaching  the  stores  - a triple-ejector  rack 
capable  of  holding  three  stores  (TER  rack),  and  a multiple 
ejector  rack  capable  of  holding  six  stores  (MER  rack), 
dingle  stores  were  also  attached  directly  to  the  pylon  and 
tested. 

The  sign  conventions  for  the  left  and  right  wings  are 
shown  in  Figures  4 and  3,  respectively.  Figure  6 shows  the 
wing  planform  with  the  pylon  stations  for  16°  wing  sweep 
and  tabulated  data  is  presented  for  other  sweeps. 

The  orientation  of  the  fins  for  several  of  the  stores 
m MER  or  TER  racks  is  demonstrated  in  Figure  7.  Detailed 
dimensions  of  the  stores  racks  and  pylon  tested  are  given 
in  Figures  8 through  17. 

2 . 2 F-lll  Wind  Tunnel  Program 

The  various  external  stole  configurations  tested  on  the 
F-lll  are  defined  in  Table  I.  This  table  gives  the  designa- 
tion of  the  various  stores  tested  at  the  various  pylon  sta- 
tions, a schematic  of  the  store  arrangement  and  the  pylon 
stations  occupied,  the  rack  employed,  and  the  actual  station 
where  the  strain  gage  was  mounted  to  obtain  the  aerodynamic 
loads.  Additional  information  illustrates  the  specific 
Mach  number  and  wing  sweep  angles  tested. 


An  identification  of  the  test  is  contained  in  the  next 
to  last  column.  This  is  the  number  used  by  the  test  facility 
to  identify  a particular  wind  tunnel  test  program.  All  was 
accomplished  at  the  AEDC  16-foot  facility.  A limited  number 
of  configurations  were  tested  at  subsonic  Mach  numbers  from 
0.2  to  0.6  at  the  12-foot  pressure  tunnel  at  NASA  Ames. 

As  illustrated  in  Table  I the  store  arrangement  on  the 
left  wing  is  defined.  The  strain  gages  on  this  wing  were 
installed  in  such  a manner  that  aerodynamic  loads  acting 
on  the  complete  store  plus  rack  plus  pylon  were  measured. 

The  complete  airpl?ne  configuration  was  always  tested 
symmetrically  and  in  the  right  wing  strain  gage  instrumenta- 
tion was  installed  to  record  the  aerodynamic  loads  on  the 
store  plus  rack  only.  This  of  course  produced  two  complete 
sets  of  data  for  each  store  configuration  tested. 
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DIMENSIONS  IN  INCHES 


f.  Multiple  Ejector  Reck 


Figure  3 RACK  CONFIGURATION 
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PYLON  STATIONS 


2.3  Data  Retrieval  From  Magnetic  Tapes 


The  wind  tunnel  data  generated  by  the  testing  described 
in  Section  2.2  and  Table  I was  stored  in  a total  of  16 
magnetic  tapes  for  processing  by  CDC  6600  digital  computer 
equipment.  The  initial  phases  of  the  studies  described  in 
this  report  were  concentrated  on  the  development  of  the 
digital  computer  procedures  used  to  retrieve  the  specific 
configurations  from  the  magnetic  tapes.  Details  of  the 
methods  used  are  described  below  and  are  shown  schematically 
in  Figure  18. 

2.3.1  Disk  Pack  Storage 

The  test  data  originally  stored  on  magnetic  tape  was 
first  transferred  to  magnetic  disk  pack.  This  was  done  to 
reduce  the  computer  machine  run  times  to  acceptable  levels 
during  the  survey  for  particular  groups  of  external  store 
force  or  moment  data.  A convenient  code  number  listed  in 
Table  II  was  used  to  identify  the  particular  instrumented 
store.  A File  Identification  Number  (File  ID.)  was  entered 
in  the  magnetic  tape  for  each  total  configuration  tested 
and  is  illustrated  in  Table  III  in  the  second  column.  This 
number  was  carried  into  the  program  to  store  the  data  on 
magnetic  disk  pack. 

A problem  that  was  evident  very  early  in  the  develop- 
ment of  the  procedures  was  that  several  disk  packs  would  be 
reauired  to  load  all  data  from  the  sixteen  magnetic  tapes. 
This  problem  was  unique  to  the  CDC  equipment  in  that  a word 
length  in  disk  pack  is  a fixed  value  of  64,  and  this  value 
could  not  be  varied.  Most  of  the  data  loaded  required  only 
one  third  of  ,_his  word  length,  leaving  almost  two  thirds  of 
the  storage  capacity  of  the  disk  p;ick  unused. 

For  the  actual  loading  operation  of  -he  disk  pack  one 
magnetic  tape  at  a time  was  processed.  On  several  occasions 
difficulties  in  loading  a tape  resulted  in  a complete  loss 
of  all  data  on  a disk  pack.  So  that  the  information  success- 
fully loaded  on  a disk  pack  would  be  protected  a new  system 
of  computer  procedures  were  coded.  Under  this  system,  all 
information  loaded  on  the  disk  pack  was  recorded  prior  to 
the  next  attempt  to  load  an  additional  -vi-r.rr  i r 
tape  on  Ine  disk  pack. 
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During  the  conversion  from  tape  to  disk  pack,  the  test 
data  were  nondimensionalized  with  respect  to  store  geometry 
rather  than  airplane  geometry  parameters.  Also,  tables  of 
geometric  data  corresponding  to  the  various  store  types 
were  included  on  the  disk  for  the  planned  correlation 
studies . 

2.3.2  Retrieval  of  Data  From  the  Disk  Pack 

A second  computer  procedure  (Code  A7A)  was  written  to 
retrieve  selected  data  from  the  disk  packs  in  a convenient 
format  for  use  in  correlation  studies.  Tabulated  and  plotted 
data  are  obtained  from  this  program. 

A sample  of  the  tabulated  data  is  shown  in  Table  IV. 

A sample  of  plotted  data  from  Procedure  A7A  is  shown  in 
Figure  19.  The  normal  force  coefficient  for  a specific 
store  as  a function  of  angle  of  attack  at  various  sweeps 
is  shown  in  the  figure.  The  plotted  de._a  were  valuable  in 
detecting  errors  in  the  test  data  and  in  interpolating  data 
at  angles  of  attack  or  side  slip  not  explicit] y run  in  the 
test  program. 
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Table  II  CODE  FOR  STORE  TYPE  IDENTIFICATION 


Configuration 

Code 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

T O 

~f  i- 

33 

34 

35 


Store 

TyPe 


B43 
B61 

TMU-28/B  (Full) 

Empty  Pylon  (Pivot) 

MER  + Pylon  (Pivot) 

BLU-lC/B,  Fins  (2  on  TER) 

M-117R  (3  on  TER) 

M-117R  (6  on  MER) 

LAU-31A,  w Nose,  (3  on  TER) 

LAU-31A,  w/o  Nose  (3  on  TER) 

TER  + Pylon  (Pivot) 

M-117R,  S4  on  MER 
M-117R,  Flat  4 on  MER 
M-118 

AIM-9B,  Slant  2 

BLU-lC/B,  w/o  Fins  (2  on  TER) 

450-gal  Tank 
M61  Gun  Pods 
AIM-54A,  Phoenix 
600-gal  Tank 

Tow  Target 

AGM-65  (3  Symmetric) 

Martel  TV 

Martel  TV  + Launcher 
Martel  RDR  (AJ-168  AR) 

MK-10  (Slant  4) 

TV  Pod  (Stores  on  Wing) 

AGM-65  (2  Symmetrical) 

AGM-65  (2  AI) 

AGM-65  (2  AO) 

TMIJ  281B  (Full)  Fixed  Pylon 
MER  + Pylon  Fixed  Pylon 
BLU-lC/B,  Fins  (2  on  TER)  Fixed  Pylon 
M-117R  (3  on  TER)  Fixed  Pylon 
M-117R  (6  on  MER)  Fixed  Pylon 
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Table  II 


Configuration 
Code 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 


CODE  FOR  STORE  TTPE  IDENTIFICATION  (Cont'd) 


Store 

Type 

W/N0Se  (3  °n  TER>  Fixed  Pylon 

“^w/o  Nose  (3  on  TER)  Fixed  Pylon 
TER  + Py i. on  Fixed  Pylon 

450-gal  Tank  Fixed  Pylon 
600-gal  Tank  Fixed  Pylon 

MK-10  (Slant  4)  Fixed  Pylon 
MK-10  (Slant  4)  7.5"  Fwd 

^-10  (Slant  4)  7.5"  Fwd  Fixed  Pylon 
TV  Pod  (No  Stores  on  Wing)  7 

BLU-lC/B,  w/o  Fins  (2  on  TER)  Fixed 
Pylon 


Htfci  -igrrgr 
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A 

I 
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1 


V 
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Table  III  Continued 
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2.0,  Store  + Rack  Instrumented 


SECTION  3 


DEVELOPMENT  OF  CORRELATION  TECHNIQUES 


During  che  period  of  the  study  devoted  to  the  develop- 
ment of  techniques  to  correlate  the  store  loads  test  data, 
two  major  tasks  evolved:  the  selection  of  pertinent  para- 

meters on  which  to  perform  a correlation,  and  the  selection 
of  store  arrangements  among  which  a correlation  could  be 
made . 


A background  was  first  established  by  reviewing  liter- 
ature where  tasks  of  a similar  nature  had  already  been 
attempted.  The  material  contained  in  References  1 and  2 
served  as  a convenient  reference  point  since  most  of  the 
work  of  recent  years  concerned  with  prediction  of  external 
store  loads  is  reviewed  in  these  documents.  In  addition,  a 
paper  prepared  for  the  Navy  (Reference  3)  was  reviewed. 

This  paper  is  concerned  with  a correlation  task,  similar  to 
the  present  task,  in  which  an  attempt  is  made  to  identify 
geometric  parameters  that  could  be  used  to  establish  a base 
for  correlation  of  store  aerodynamic  loads  data  on  complex 
store  arrangements  along  the  span  of  a wing.  Such  parame- 
ters as  the  side  projected  area  of  the  total  store  plus 
pylon  are  utilized  along  with  certain  distances  to  evaluate 
the  proximity  to  other  stores,  the  fuselage,  and  the  wing. 

This  initial  survey  contributed  substantially  to  the 
selection  of  geometry  parameters  used  iri  the  study.  In 
fact,  the  initial  steps  taken  in  the  empirical  correlations 
(Section  3.1)  were  directly  influenced  by  the  early  investi- 
gations discussed  above.  The  selected  parameters  are  de- 
fined in  Table  V along  with  specific  values  pertaining  to 
the  airplane  configuration.  The  geometries  of  the  stores 
investigated  are  given  in  Figures  20  through 


3 . 1 Empirical  Analysis 

During  the  initial  phase  of  this  part  of  the  study,  a 
substantial  effort  was  devoted  to  the  possibility  of  estab- 
lishing a correlation  of  the  experimental  data  through 
empirically  derived  geometry  parameters. 
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TABLE  V GEOMETRY  DEFINITIONS 


FSPD  . 


FSPD 


'LOAD 


'■NOSE 


“ Side  Projected  Area 

~ Frontal  Area  of  Weapons  + Rack  + Pylon 
Planform  Area  of  Weapons  + Rack  + Pylon 
= Fuselage  Side  to  CL  of  Pylon  Distance 

- b ' 2/PA 

* Normal  Force  Coefficient  based  on  PA 

- Overall  Length  of  Load  on  Pylon  (Does  Not  Include 
Pylon ) 

- Diameter  of  Weapon 

- Wing  Chord  at  Pylon  Location 

Weapon  Nose  to  Wing  Leading  Edge  X- Distance 

* Number  of  Front  Bombs 

58  Fineness  Ratio  of  Theoretical  Nose  on  Blunt 
Weapons 
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1C/B  INSTALLATION 


iAU-VA  installation 


■ 


i-  ii-.-r*  — - • •*>»»»*»  >wi»  mw^wersfiSt 


_ first  attempts  were  made  on  the  normal  force 
coefficient,  C^,  for  the  configurations  with  a cluster  of 
weapons  at  a single  pylon  station,  with  from  one  to  four 
wing  pylon  stations  occupied.  The  initial  studies  were 
conducted  for  a 26-degree  wing  sweep  at  a Mach  number  of 
0.60  and  a wing  angle  of  attack  of  26  degrees.  The  results 
are  shown  in  Figure  26.  In  this  figure,  the  normal  force 
acting  on  the  store-pylon  is  non-dimensionalized  with  re- 
spect to  store  ptanform  area  rather  than  airplane  wing  plan- 
form  area  as  was  done  when  the  data  were  first  received  from 
the  wind  tunnel.  It  was  logical  to  assume  that  the  projected 
area  normal  to  the  vertical  velocity  vector  would  be  impor- 
tant in  establishing  the  magnitude  of  the  normal  load.  It 
was  decided  that  this  area  would  be  defined  as  the  projected 
area  presented  on  a horizontal  plane  passing  through  the 
centerline  of  the  weapon  cluster.  In  addition  to  the  pro- 
jected area,  the  fineness  ratio  or  some  function  of  the 
ratio  of  frontal  area  to  projected  area  was  felt  to  be 
important  based  on  surveys  of  the  literature  in  which  methods 
of  calculating  the  lift  effectiveness  of  bodies  of  revolu- 
tion are  surveyed  (Reference  4) . Curves  were  then  faired 
through  similar  groups  of  data.  In  this  case  the  curves 
were  faired  through  a group  which  had  the  same  bomb  at  all 
tylon  stations  and  in  which  the  outermost  pylon  station 
U ads  were  measured. 

/n  additional  step  was  taken  to  establish  a shape- 
factor  effect  on  the  correlation  of  the  data.  This  shape 
factor  was  selected  as  the  square  of  the  number  of  front 
bombs  divided  into  the  normal  load  coefficient  (CflpA/(toFB)2) 
plotted  against  the  same  correlating  parameter  as  used  in 
the  plots  of  Figure  26.  Again  a set  of  curves  was  faired 
through  the  data  for  loadings  with  increasing  number  of 
pylon  stations  loaded  and  measurements  made  on  the  outer- 
most station  (Figure  27).  The  second  overlapping  set  of 
curves,  represented  by  the  dashed  curves,  was  added.  The 
lowest  set  of  data,  corresponding  to  the  LAQ-3A  weapons, 
was  connected  to  account  for  fineness  ratio  of  the  nose. 

In  the  third  and  final  attempt  to  increase  the  number 
of  configurations  which  would  fall  on  faired  areas,  an 
additional  geometric  correlating  parameter  was  employed. 

In  this  third  phase  of  the  empirical  studies,  the  aspect 
ratio  of  the  pylon-store  configuration  was  defined  and  was 
multiplied  by  the  value  of  the  normal  load  coefficient 
divided  by  the  shape  factor-number  of  front  bombs  squared. 
This  value  was  then  plotted  against  the  term  (PA/FA)  x FSPD, 
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as  shown  in  Figures  28,  29,  30,  and  31.  The  Figure  28  plot 
is  for  an  angle  of  attack  of  20  degrees.  In  Figures  29, 

30,  and  31,  the  empirical  correlation  studies  were  expanded 
to  include  the  full  range  of  angles  of  attack  from  +20  to 
-5  degrees.  Again,  curves  were  faired  through  data  points 
for  the  same  weapon  mounted  at  all  pylon  stations  (solid 
curve),  and  an  overlapping  set  of  curves  was  faired  through 
the  data  points  for  different  weapons  but  with  the  same 
number  of  pylon  stations  occupied  (dashed  curves).  A visual 
inspection  of  the  curves  at  the  different  angles  of  attack 
established  that  the  pattern  was  the  same  at  all  angles  of 
attack,  with  the  pattern  rotating  as  the  angle  of  attack 
changed. 

A substantial  number  of  data  points  did  not  lie  on  the 
curves  constructed  to  this  point,  but  the  fact  that  a pat- 
tern of  curves  was  beginning  to  emerge  indicated  that  if  a 
sufficient  number  of  geometric  parameters  could  be  identi- 
fied, correlation  of  the  data  for  a greater  variety  of  store 
configurations  could  be  achieved.  It  was  apparent  at  this 
point  that  the  trial  and  error  method  of  achieving  correla- 
tion of  data  was  successful  in  identifying  pertinent  first- 
order  geometric  correlating  parameters.  This  method,  how- 
ever, would  need  to  be  automated  so  that  the  very  large 
amount  of  data  available  could  be  processed  and  the  wind 
tunnel  data  could  be  simultaneously  tested  against  the 
number  of  geometric  correlating  variables  that  were  obviously 
important. 

At  this  point  in  the  program,  these  initial  efforts  to 
achieve  correlation  through  hand  or  empirical  studies  were 
essentially  stopped. 


3.2  Numerical  Analysis 

As  stated  above,  it  was  recognized  that  the  amount  of 
data  that  would  have  to  be  considered  for  a correlation 
study  would  make  it  impossible  to  accomplish  the  tank  by 
hand  methods.  Substantial  experience  had  already  been 
accumulated  by  other  investigators,  where  large  amounts  of 
wind  tunnel  data  were  available  and  it  was  required  to 
develop  generalized  prediction  techniques  based  on  an  empir- 
ical correlation  of  the  experimental  results.  One  such 
study,  reported  in  Reference  5,  derived  a prediction 
technique  for  drag-due-to-lift  of  generalized  aircraft 
configurations . 
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CORRELATION  OF  NORMAL  FORCE  FOR  SELECT  LOADINGS 


ure  28  CORRELATION  OF  NORMAL  FORCE/(NFB)2/AR 


Figure  30  CORRELATION  OF  NORMAL  FORCE/(NFB)2/ARload 


In  the  Reference  5 study,  statistical  methods  were 
used  to  establish  a linear  relationship  between  the  aero- 
dynamic parameters  under  investigation  and  pertinent  geome- 
try definitions  for  the  corresponding  wing-body  configura- 
tions. In  the  determination  of  the  lift  and  drag  force 
coefficients,  a data  analysis  was  conducted  at  .specific 
Mach  numbers  and  specific  angles  of  attack.  The  output  of 
this  analysis  was  an  equation  that  would  allow  specific 
geometry  inputs  to  be  evaluated  to  predict  the  lift  and 
drag  coefficient  at  a specific  angle  of  attack  over  a sub- 
stantial range  of  Mach  numbers.  In  general,  the  results 
of  this  program  were  satisfactory. 

An  additional  study  involving  the  use  of  statistical 
mathematical  methods  to  develop  generalized  prediction 
techniques  for  the  wing  lift  coefficient  as  a function  of 
wing  planform  geometry  is  reported  in  Reference  6.  The 
results  of  these  studies  were  incorporated  into  computerized 
routines  that  supply  design  loads  for  initial  studies  of 
aircraft  configurations  during  the  preliminary  design  phase. 

The  use  of  mathematical  statistical  methods  for  correla- 
tion of  experimental  data  has  produced  varied  opinions  as  to 
the  value  of  tnis  type  of  approach.  In  general,  statistical 
methods  will  produce  correlation  of  experimental  data 
resulting  in  equations  containing  correlating  parameters  in 
a particular  format.  The  format  of  the  statistical  methods 
will  not  agree  with  anticipated  results  developed  from  a 
background  of  empirical  or  analytical  predictions  and  for 
this  reason  the  use  of  statistical  methods  will  be  most 
valuable  where  large  amounts  of  data  have  been  accumulated 
and  little  or  no  success  has  been  achieved  with  other 
analysis  methods. 

From  all  of  the  cases  reviewed  it  seemed  that  the  best 
results  could  be  obtained  by  first  obtaining  empirical 
correlations  on  a limited  number  of  configurations  to  estab- 
lish data  trends  and  pertinent  geometric  parameters.  With 
these  initial  studies  as  a background  the  mathematical 
regression  analysis  techniques  could  then  be  utilized  to 
derive  analytical  curve  fits  through  data  points  for  a 
greatly  expanded  variety  of  cor.f  igurations . 

The  mathematical  techniques  established  no  achieve  the 
corro  ^tions  for  the  aerodynamic  forces  and  moments  acting 
on  various  external  stores  arrangements  are  described  and 
discussed  in  the  following  subsec  :ions.  The  results  of  the 
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empirical  studies  (Section  3.1)  were  carried  into  the 
mathematical  studies.  It  is  noted  that  the  first-order- 
geometric  correlating  parameters  were  established  during 
the  early  empirical  studies.  The  second-order  geometric 
correlating  parameters  were  established  from  the  statistical 
analysis  discussed  in  the  following  subsections. 


3.2.1  Weighted  Regression  Analysis  Procedure  (WRAP) 

The  equations  for  correlating  the  forces  and  moments 
with  various  selected  parameters  were  obtained  by  a weighted 
regression  analysis  procedure  (WRAP),  designated  CDC  6600 
Procedure  A2E  (Reference  7) . This  procedure  performs  mul- 
tiple linear  regression  analysis  on  80  or  less  independent 
variables  and  25  or  less  dependent  variables.  The  statis- 
tical techniques  used  in  WRAP  result  in  appropriate  multi- 
pliers for  each  independent  variable  to  best  fit  the  test 
data  (dependent  variables).  A description  of  the  statis- 
tical methods  used  in  the  WRAP  program  are  contained  in 
Reference  8 and  9 and  a general  description  of  the  proce- 
dure is  presented  below. 

The  mathematical  model  for  regression  analysis  may  be 
given  in  matrix  notation  as: 

Y = XB  + i ) (1) 

where  Y is  an  n x 1 vector  of  observations  on  what  is 
usually  referred  co  as  the  dependent  variable.  X is  an 
n x p (n  > p)  matrix  of  observations  on  the  p independent 
variables,  B is  (p  x 1)  and  represents  the  true  but  unknown 
coefficients  which  connect  Y and  X.  f\  is  n x 1,  a vector 
of  random  errors  with  mean  zero  and  constant  variance  o 2. 
When  this  condition  of  constant  variance  is  not  met,  each  of 
the  n observations  must  be  given  a weight  inversely  propor- 
tional to  its  individual  variance,  hence  the  term  "weighted 
regression  analysis".  The  WRAP  procedure  was  written  with 
the  option  of  using  variable  weights  when  required  by  the 
problem  being  studied. 

It  can  be  shown  (see  pp.  54  and  55  of  Reference  9)  that 
the  least-squares  solution  of  Equation  1,  given  by 


B = (X*  XTVy 


(2) 
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where  B,  an  estimate  of  E and  X*  is  the  transposed  matrix 
of  X,  is  the  "best,  linear,  unbiased"  solution  of  Equation  1. 

The  WRAP  procedure  includes  an  intuitively  appealing 
method  of  selecting  the  (most)  significant  subset  of  the 
independent  variables.  The  weighted  regression  analysis 
program  will  handle  up  to  80  independent  variables  and  25 
dependent  variables.  An  interpretive  system  is  included 
that  allows  the  user  almost  complete  flexibility  in  trans- 
forming, combining,  moving,  and  coding  the  input  data. 

The  method  used  to  pick  the  most  significant  subset  of 
independent  variables  for  each  dependent  variable  consists 
of  first  performing  the  regression  analysis  on  the  entire 
set  of  p independent  variables.  Then  for  each  variable  in 
the  analysis  the  statistic 


is  computed,  where  bj[  is  the  regression  coefficient  giving 
the  relationship  between  the  ith  independent  variable  and 
the  dependent  variable  and  cii  is  the  ith  diagonal  element 
of  (X'X)-!.  This  statistic  gives  the  reduction  in  the  re- 
gression sum  of  squares  when  Xi  is  deleted  from  the  analysis. 

2 

Next,  the  minimum  of  bj[  / c^  is  obtained.  This  value 
is  divided  by  the  error  sum  of  squares  at  that  point,  and 
this  ratio  has  an  F distribution.  This  value  of  F is  tested 
against  either  a value  of  F or  a probability  level  input  tc 
the  procedure.  (See  References  8,  9,  and  10) 

If  it  is  determined  that  this  minimum  sum  of  squares 
is  significant,  the  deletion  process  is  discontinued. 
Otherwise,  X^  is  deleted,  and  the  inverse  matrix  is  adjusted 
for  the  deletion. 


Since  the  method  given  above  for  selecting  the  optimum 
subset  of  variables  is  equivalent  to  partially  reinverting 
the  X'X  matrix,  it  is  essential  to  include  a check  on  the 
accuracy  of  the  inverse.  It  should  be  pointed  out  that 
all  operations  are  carried  out  on  the  correlation  matrix 
which  has  all  elements  between  +1.  The  basic  inversion 
routine  used  throws  out  any  variables  that  would  cause 
singularity.  After  the  correlation  matrix  is  inverted,  the 
norm  of  (I  - RB0)  is  computed,  where  I is  the  p x p identity 
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matrix,  R is  the  correlation  matrix,  and  B0  is  the  computed 
estimate  of  R"-*-.  The  norm  used  is  defined  by 


N(A) 


(4) 


If  this  norm  does  not  meet  the  specified  requirements,  an 
option  is  available  to  use  Hotelling's  method  (Reference  10) 
to  obtain  a better  estimate  of  the  inverses  This  is  an 
iterative  technique,  where  the  ith  estimate- of  the  inverse 
is  given  by 


Bi  = Bi-1<21  • RBi-l)  (3) 

If  the  norm  mentioned  above  is  less  than  1.0,  convergence  to 
the  true  inverse  is  assumed  (in  theory).  Actually,  the 
degree  of  convergence  is  restricted  by  the  use  of  floating- 
point arithmetic.  In  a limited  number  of  tests,  the  indi- 
cation is  that  the  norm  cannot  be  expected  to  get  much  smaller 
than  p x 10~B. 

The  matrix  inversion  technique  used  in  WRAP  is  an 
adaptation  of  the  algorithm  given  by  Efroymson  (Reference 
11).  In  WRAP,  the  technique  is  normally  to  proceed  through 
the  inversion  process  from  left  to  right,  inverting  the  rows 
and  columns  in  1 , 3,  3,  ...  p order,  unless  a particular 
row  (column)  would  cause  singularity,  in  which  event  that 
row  and  column  are  left  out  of  the  inverted  matrix  and  all 
subsequent  regression  analyses. 

An  option  is  included  in  WRAP  which  will  cause  the 
order  of  inversion  to  be  determined  at  each  step  by  selec- 
tion of  the  largest  diagonal  element  not  yet  included  in 
the  inverted  matrix.  This  sometimes  gives  a better  regres- 
sion fit  with  fewer  variables. 


3.2.2  Application  of  Mathematical  Correlations 

The  use  of  mathematical  regression  techniques  does  not 
permit  a totally  mechanical  approach  to  the  problem  of 
arriving  at  geometric  parameters  which  are  pertinent  to  the 
objective  of  obtaining  correlation  with  the  force  and  moment 
coefficient  data.  In  fact,  a considerable  amount  of  trial 


58 


and  error  effort  went  into  the  choice  of  the  geometric 
parameters  that  were  ultimately  used  in  the  formulation  of 
the  External  Stores  Prediction  Handbook  (Appendix  II). 

Some  of  the  background  work  that  went  into  the  final 
choice  of  geometric  parameters  is  discussed  here.  It  is  not 
possible  to  define  every  step  thar  was  taken  in  this  inter- 
face process  since  a good  many  fa>.se  starts  were  encountered 
that  were  not  carried  through  to  a final  conclusion.  The 
discussion  is  primarily  intended  to  show  that  mathematical 
techniques  had  to  be  utilized  in  conjunction  with  consider- 
able judgment  in  order  to  arrive  at  a proper  correlation  of 
data . 


As  stated  in  the  previous  subsections,  the  knowledge 
gained  from  the  empirical  studies  was  carried  forward  into 
the  regression  studies.  In  the  initial  trials  with  the 
regression  analysis  program,  only  the  normal  force  coeffi- 
cient, Cm  was  used.  As  explained  earlier,  this  coefficient 
was  non-dimensional ized  with  respect  to  the  total  weapon- 
rack-installation  planform  area.  The  value  CNpA/ (NFB) 2/AR 
was  then  computed,  and  the  term  SA/FA/FSPD  was  used  as  one 
of  the  geometric  correlating  terms  in  all  subsequent  studies. 

In  utilization  of  the  regression  program,  it  was  found 
that  a comparison  plot  of  the  actual  dependent  variable 
against  the  calculated  value  produced  from  the  regression 
program  provides  a ready  visual  check  on  the  success  of  the 
final  equation  developed.  In  Figures  32,  33,  and  34,  the 
results  cf  an  investigation  to  obtain  a correlation  for  the 
effects  of  angle  of  attack  at  a constant  Mach  number  of  0.60 
are  shown,  Three  different  functions  of  angle  of  attack 
were  inserted  as  independent  variables  , .1  2 ? and  X 3. 
Results  for  three  different  levels  of  probability  were 
olotted,  and  it  can  be  seen  that  an  unacceptable  degree  of 
scatter  resulted  in  all  cases. 

It  must  be  pointed  out  that  one  of  the  most  disconcert- 
ing results  noted  in  the  use  of  mathematical  regression  pro- 
cedures occurred  with  angle  of  attack,  i.e.,  the  result  of 
changing  t probability  value  resulted  in  equations  having 
different  geometric  correlating  parameters.  In  the  case  of 
the  angle-of-attack  study,  an  increase  in  probability  pro- 
duced equations  with  fewer  geometric  parameters.  This  is  of 
course  a characteristic  of  statistical  regression  analysis 
and  causes  considerable  difficulty  in  achieving  meaningful 
geometric  correlating  parameters  with  experimental  results. 
Trial  and  error  seem  to  be  the  only  means  of  achieving 
successful  use  of  regression  studies  as  a means  of  correla- 
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Lion  of  experimental  data.  It  was  decided,  however,  that 
the  use  of  regression  analysis  would  be  continued  in  this 
study  as  the  only  practical  means  of  correlating  the  large 
mass  of  store  loads  data. 

From  these  studies,  combined  with  visual  inspection  of 
the  plotted  results  of  computer  procedure  A7A,  it  was  felt 
thr. •;  the  large  amount  of  scatter  was  due  to  the  large  varia- 
tion in  the  magnitude  of  the  normal  load  coefficient.  It 
was  decided  that  some  initial  screening  of  the  data  would 
be  necessary  before  a realistic  start  at  data  correlation 
would  be  attempted.  With  this  in  mind,  data  at  a constant 
angle  of  attack  was  utilized  in  the  correlations  for  the 
rest  of  the  program. 

Visual  inspection  of  plotted  A7A  results  demonstrated 
iv,at  variations  with  wing-sweep  angle  could  possibly  be 
accomodated  in  the  same  correlation  study.  Since  variations 
with  wing  sweep  were  to  be  considered,  it  was  necessary  to 
establish  some  pertinent  geometry  parameters.  One  of  these, 
of  course,  was  wing-sweep  angle  expressed  in  degrees.  Other 
geometry  parameters  considered  to  be  pertinent  were*  the 
distance  of  the  nose  of  the  weapons  in  front  of  the  wing, 
and  the  distance  of  the  pylon  from  the  side  of  the 
fuselage,  FSPD. 

Selection  of  the  parameter  6 x was  based  on  other 
investigations , such  as  that  reported  in  Reference  !2.  In 
that  investigation,  the  upwash  angle  of  the  flow  varied 
substantially  for  various  positions  in  front  of  the  leading 
edge  of  a wing.  The  actual  store  angle  of  attack  ard,  con- 
sequently, the  normal  load  would  ther  be  a function  of  the 
distance  the  store  extends  into  the  upwash  field  in  front 
of  the  wing. 

Fron.  investig  ;tions  such  as  that  reported  in  Re‘'orence 
13,  it  was  felt  that  local  flow  characteristics  around  the 
store-pylon  configuration  would  change,  resulting  in  changes 
in  normal  load  as  the  proximity  with  other  stores  changed. 
Since  on  the  F-lll  model  the  distance  between  the  various 
pylon  stations  and  the  fuselage  is  a function  of  wing  sweep, 
only  one  lateral  d .stance  was  used  to  express  this  relation- 
ship. It  was  re«.-gnized  at  this  point  that  there  was  some 
redundancy  insofar  as  correlation  was  concerned  since  both 
£x  and  FSPD  are  a function  of  wing  sweep.  The  correlation 
under  the  regression  analysis  program  was  conducted,  oowever, 
with  these  parameters.  The  results  are  shown  in  Figure  ;5. 
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It  is  obvious  that  a substantial  improvement  was 
obtained  in  reducing  the  amount  of  data  scatter  between 
the  actual  experimental  data  and  the  predictions  based  on 
the  equation. 

In  a further  attempt  to  improve  the  correlation,  the 
wing-sweep  angle  was  eliminated  as  a geometric  variable. 

In  addition,  the  term  DAY  was  changed  to  AY,  and  the  term 
DAZ  was  eliminated.  The  results  of  these  changes  are  shown 
in  Figures  36  through  39  for  constant  angle  of  attack  (each 
plot)  and  a constant  Mach  number  of  0.60.  It  may  be  observed 
that  the  correlations  were  becoming  more  and  more  successful. 
This  phase  of  the  regression  study  was  expanded  to  include 
higher  Mach  numbers;  results  at  Mach  0.80  for  angles  of 
attack  of  10  degrees  and  20  degrees  are  shown  in  Figures  40 
and  4 1,  respectively. 

The  next  phase  of  the  study  involved  correlations  com- 
bining data  for  a range  of  wing  sweep  and  for  Mach  number 
variations.  The  initial  results  for  the  normal  force 
coefficient  are  shown  ir  Figure  42  for  an  angle  of  attack 
of  20  degrees.  This  investigation  was  conducted  for  a 
range  of  Mach  numbers  from  0.60  to  0.95  and  included  data 
for  wing  sweeps  of  from  16  to  72.5  degrees.  The  results  of 
the  correlations  obtained  with  the  regression  analysis 
technique  again  eliminated  the  term  Ay;  however,  there  was 
some  redundancy  in  the  study  since  the  term  Ax  is  also  a 
function  of  wing-sweep  angle. 

In  the  study  to  establish  the  feasibility  of  incorporat- 
ing data  for  a range  of  Mach  numbers  iti  the  same  correlation 
study,  two  terms  were  first  tried.  These  terms  were  M and 
M^.  In  later  studies,  only  the  M^  term  was  used,  and  the 
correlations  were  equally  as  good. 

A complete  study  of  the  normal  force  coefficient  for 
the  outermost  pylon  position  was  now  attempted.  The  results 
of  these  correlations  are  presented  in  Appendix  I and  dis- 
cussed in  tic  next  section  (Section  4).  The  data  are  shown 
at  store  ar'  1 es  of  attack  of  -9,  -4,  +6,  and  +16  degrees 
for  a sideslip  angle  of  zero  degrees,  and  at  store  ang  es 
of  sideslip  of  -10  and  +10  degrees  at  an  angle  of  attack  of 
6 degrees. 
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As  an  aid  in  future  correlations,  the  study  was  divided 
into  major  categories  of  external  store  geometry.  This 
essentially  reduced  the  number  of  configuration  geometries 
that  were  considered  during  any  one  attempt  to  utilize  the 
mathentat ical  regression  techniques.  The  major  classifica- 
tions of  stores  as  defined  in  the  remainder  of  this  report 
are : 


Weapons  Cluster  + Rack  + Pylon 
Weapons  Cluster  + Rack 
Single  Weapon  + Rack  + Pylon 
Single  Weapon  + Rack 

As  described  in  Section  2.1,  testing  of  the  F-lll  model 
was  conducted  such  that  store  aerodynamic  loads  data  were 
taken  on  the  left  wing  for  the  store  plus  rack  plus  pylon 
and,  at  the  same  time,  on  the  right  wing  for  the  store  plus 
rack.  This  model  capability  allotted  analysis  to  be  con- 
ducted at  two  points  on  each  major  classification  of  weapon- 
pylon  configuration. 
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SECTION  4 


MAJOR  STORE  GROUPINGS 


As  discussed  in  Subsection  3.2  it  was  decided  that 
weighted  regression  analysis  procedures  would  be  used  to 
analyze  the  entire  mass  of  data  from  the  F-lll  wind  tunnel 
program  reported  in  Subsection  2.2.  The  conduct  of  this 
phase  oC  the  study  is  reported  in  the  following  subsections. 

Analysis  of  the  various  configurations  was  conducted 
using  the  regression  analysis  program  to  establish  geometric 
correlating  parameters  for  each  of  the  configurations  under 
each  of  the  major  store  groupings  and  subgroupings  outlined 
in  Subsection  3.2.2.  In  these  investigations  each  component 
of  force  or  moment  was  considered  separately  and  correlations 
were  done  at  particular  store  angles  of  attack  of  +16,  +6, 

-4,  and  -9  degrees,  and  at  sideslip  angles  of  +10  and  -10 
degrees  at  6 degrees  angle  of  attack.  The  decision  to  con- 
duct the  correlation  studies  at  separate  angles  of  attack 
was  made  as  a result  of  visual  inspection  of  the  data  which 
demonstrated  that  variations  in  forces  and  moments  with 
angle  of  attack  were  non-linear.  This  was  very  obvious  at 
the  high  angles  of  attack  where  structural  design  conditions 
would  occur. 

During  the  initial  planning  for  this  program,  it  was 
felt  that  the  forces  and  moments  could  be  expressed  as  a 
function  of  a slope  and  an  intercept  of  angle  of  attack  and 
sideslip  angle  through  the  linear  portion  of  the  data.  Non- 
linearities  occurred  in  the  data  at  such  low  deflections, 
however,  that  studies  devoted  to  this  range  would  not  have 
produced  information  useful  to  the  design  engineer  concerned 
with  practical  structural  design  points.  Conducting  correla- 
tion studies  at  separate  angles  of  attack  and  sideslip  more 
than  doubled  the  amount  of  work  that  was  originally  anti- 
cipated, however,  it  was  felt  that  this  was  a necessary 
part  of  the  study  in  order  to  produce  a set  of  design  charts 
which  would  be  useful  to  the  preliminary  design  engineet. 

The  design  charts  are  used  for  determination  of  aerodynamic 
loads  and  moments  on  external  stores  at  design  flight  condi- 
tions from  -5  degrees  to  +15  degrees  angle  of  attack  and  for 
sideslip  angles  of  +10  and  -10  degrees  at  an  angle  of  attack 
of  6 degrees. 
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«.h  Che  guidelines  above  for  data  groupings,  Che 
regression  analysis  was  Chen  used  Co  establish  geomecric 
correlacing  parameters  for  various  geometry  arrangements 
tested  at  subsonic  and  transonic  Mach  numbers  during  the 
F-lll  wind  tunnel  testing.  For  convenience,  because  of  its 
bulk,  Che  data  discussed  in  this  section  are  located  in  an 
appendix  (Appendix  1) . The  particular  weapons  that  were 
used  for  the  various  correlation  studies  are  defined  in 
Table  II  and  data  for  the  weapons- rack-pylon  arrangements 
and  the  weapon-rack  arrangements  which  were  used  to  con- 
tribute to  a particular  correlation  can  be  obtained  by 
referring  to  Table  III  for  the  magnetic  tape  file  number. 

4.1  Weapons  Cluster  Plus  Rack  Plus  Pylon 

From  the  empirical  studies  and  the  weighted  regression 
analysis  that  has  already  beer,  accomplished  it  was  antici- 
pated that  correlation  could  be  achieved  if  the  data  were 
treated  in  a selective  manner.  This  was  accomplished  by 
screening  the  various  configurations  to  obtain  geometric 
arrangements  which  had  some  aerodynamic  similarity.  This 
similarity  was  based  on  an  empirical  judgment  obtained  from 
a visual  comparison  of  the  aerodynamic  forces  and  moments 
for  various  store  arrangements.  The  first  major  store 
grouping  chosen  for  analysis  is  a weapons  cluster  which 
can  be  either  3 weapons  mounted  on  a triple  ejector  rack 
(TER)  or  up  to  six  weapons  mounted  on  a multiple  ejector 
rack  (MER) . From  the  F-lll  wind  tunnel  tests  a substantial 
number  of  configurations  with  the  TER  rack  were  available 
for  statistical  analysis  using  the  WRAP  programs.  Data  for 
the  MER  rack  configurations  was  very  limited  however,  and 
it  was  not  possible  to  utilize  the  WRAP  program  to  estab- 
lish geometric  correlating  parameters. 

The  weapons  cluster  configuration  utilizing  the  TER 
rack  were  further  divided  into  two  subgroups  containing 
data  for  (1)  outboard  stations  and  for  (2)  combinations  of 
inboard  stations. 

4.1.1  Outboard  Station? 

During  the  initial  attempts  to  arrive  at  geometric 
correlating  parameters  for  the  weapons  clusters  at  the  out- 
board stations  it  was  observed  that  data  for  both  the  MER 
and  TER  rack  configurations  could  not  be  combined  in  the 
same  statistical  analysis.  It  was  decided  that  the  initial 
studies  would  only  consider  the  TER  weapon  arrangements 
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because  the  amount  of  data  available  was  much  more  exten- 
sive than  for  the  MER  rack.  The  results  of  the  weighted 
regression  analysis  for  these  TER  arrangements  are  shown 
on  pages  99  through  218  of  Appendix  I.  The  equations 
produced  by  the  mathematical  regression  program  was  a 
linear  equation  containing  the  various  geometric  correla- 
ting parameters  multiplied  by  a constant  value.  The  fact 
that  the  correlating  equation  is  linear  makes  it  convenient 
to  add  correctors  for  such  additional  effects  as  the  dif- 
ference between  MER  and  TER  racks  or  for  additional  effects 
that  the  engineer  may  be  able  to  define  from  other  data 
sources . 

4.1.2  Inboard  Stations 


Results  of  weighted  regression  analysis  for  these  TER 
rack  store  arrangements  are  contained  on  pages  129  through 
158  of  Appendix  I.  In  order  to  obtain  sufficient  data 
points  for  input  into  the  regression  analysis  program  it 
was  necessary  to  load  data  for  all  'f  the  various  inboard 
pylon  stations  in  the  same  study. 

4.2  Weapons  Cluster  Plus  Rack 

As  stated  previously,  configurations  for  which  data 
was  taken  on  the  left  wing  were  duplicated  on  the  right 
wing  without  the  pylon  loads.  Data  for  these  statistical 
correction  studies  are  shown  on  pages  159  through  218  of 
Appendix  I for  the  TER  rack  configuration. 

i 

4.2.1  Outboard  Station 

The  results  of  the  correlations  studies  using  the 
regression  program  are  shewn  on  pages  159  through  188  of 
Appendix  I. 

4.2.2  Inboard  Station 


The  results  of  correlations  for  inboard  stations  with 
TER  racks  are  shown  on  pages  189  through  213  of  Appendix  I. 
As  was  the  case  with  studies  c.  iducted  for  inboard  stations 
reported  in  Subsection  4.2.2  it  was  necessary  to  group  all 
data  for  various  inboard  pylon  locations  into  the  same 
study. 
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4.3  Multiple  Ejector  Rack  (MER)  Analysts 


The  multiple  ejector  rack  (MER)  was  able  to  carry  up 
to  six  weapons  mounted  in  two  rows  of  three  weapons  each. 
During  the  F-lll  wind  tunnel  testing  this  rack  most  often 
carried  M-117  bombs.  The  amount  of  data  obtained  with  the 
MER  rack  and  weapons  however  was  not  sufficient  to  allow 
use  of  the  mathematical  statistical  techniques  which  were 
utilized  for  correlation  of  the  TER  rack.  Because  of  this 
it  was  necessary  to  employ  other  techniques  to  obtain  pre- 
diction methods  applicable  to  the  MER  rack  configuration. 

From  an  analysis  of  the  limited  MER  rack  data  it  was 
found  that  modifications  could  be  made  to  the  TER  reck 
correlating  equations  which  would  make  these  same  equations 
satisfactory  for  prediction  of  aerodynamic  loads  acting  on 
the  particular  MER  rack  configurations.  These  modifications 
to  the  TER  rack  prediction  equations  were  accomplished  by 
following  a set  procedure  described  below. 

A particular  force  or  moment  coefficient  for  the  MER 
rack  was  first  predicted  using  an  appropriate  TER  rack 
equation.  This  predicted  value  was  then  compared  to  the 
actual  MER  rack  wind  tunnel  test  data.  From  an  empirical 
analysis  it  was  found  that  by  adding  a multiplying  factor 
to  the  left  side  in  the  equation,  (Number  of  Bomb) ^/(Number 
of  Front  Bombs)  , the  predicted  value  would  closely  agree 
with  the  test  value.  A final  correction  in  the  form  of  a 
constant  was  then  added  to  the  right  side  of  the  predicting 
equation  to  make  the  predicted  value  and  test  value  agree. 

An  example  of  the  method  of  defining  the  constant  for 
the  normal  force  for  a MER  rack  configuration  is  shown  in 
Figure  43  for  each  angle  of  attack  for  which  TER  rack  pre- 
diction equations  were  developed. 

Using  the  same  correction  format  for  the  other  four 
coefficients  of  force  and  moments,  the  constant  to  correct 
the  modified  TER  rack  equations  to  the  exact  experimental 
value  was  defined  and  the  values  are  tabulated  in  the  table 
of  coefficients  in  Appendix  II. 
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WEAPONS  + MER  RACK  DIMENSIONS 


DETERMINATION  OF  MER  RACK  CORRECTIONS 


4.4  Single  Weapon  Plus  Rack  Plus  Pylon 

For  3 tore  configurations  considered  in  this  grouping  a 
single  weapon  was  considered  to  be  a store  mounted  directly 
to  a pylon.  The  results  of  these  studies  are  illustrated 
on  pages  219  through  249  of  Appendix  I. 


4.4.1  Outboard  Station 


The  results  of  the  regression  analysis  study  for  this 
classification  of  stores  are  contained  on  pages  219  through 


249. 


4.4.2  Inboard  Station 


There  was  insufficient  F-lll  model  wind  tunnel  test 
data  to  accomplish  a weighted  regression  analysis  s ,udy  of 
configurations  in  this  category. 


4.5  Single  Weapon  Plus  Rack 

As  was  explained  in  Section  4.2  for  arrangements 
classified  as  "clustered  weapons",  strain  gage  data  taken 
on  the  left  wing  with  weapon  rack  and  pylon  was  duplicated 
without  the  pylon  loads  being  measured  on  the  right  wing. 
Statistical  correlations  of  data  for  single  weapons  plus 
rack,  inboard  and  outboard  stations,  are  illustrated  on 
pages  249  through  278. 


4.5.1  Outboard  Station 


The  results  of  weighted  regression  analysis  studies 
for  single  weapons  on  outboard  stations  are  shown  on  pages 
249  through  278. 


4.5.2  Inboard  Station 


As  was  the  case  with  the  inboard  pylon  station  for 
single  weapon  plus  rack  plus  pylon,  there  was  an  insuffi- 
cient number  of  configurations  which  could  be  used  for  data 
points  for  a meaningful  statistical  study 
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SECTION  5 


EFFECTS  AT  SUPERSONIC  SPEEDS 


Aerodynamic  force  and  moment  coefficient  equations 
for  the  subsonic  and  transonic  speeds  were  developed  from 
the  results  of  statistical  methods  of  data  correlation. 
Statistical  methods,  however,  require  a large  volume  of 
data  for  adequate  sampling  and  curve  fitting.  From  the 
F-lll  wind  tunnel  testing  only  a few  of  the  total  number 
of  configurations  were  tested  at  supersonic  speeds.  This 
precluded  the  use  of  mathematical  techniques  of  statistical 
analysis  to  establish  correlation  as  a function  of  various 
geometry  parameters. 

In  order  that  corrections  could  be  provided  for  the 
aerodynamics  engineer  to  calculate  external  store  loads 
at  supersonic  speed,  it  was  necessary  to  take  a different 
approach  than  that  used  to  determine  loads  at  subsonic 
and  transonic  speeds. 

As  shown  in  Section  A. 3 the  statistical  methods  uti- 
lized in  this  program  produced  linearized  equations  which 
could  be  corrected  or  modified.  In  Figures  44  through  49, 
a store  load  correction  as  a function  of  supersonic  Mach 
number  is  shown  for  various  configurations  tested  on  the 
F-lll  model.  The  corrections  are  developed  at  a constant 
angle-of-attack  of  the  store.  This  factor  can  then  be 
applied  directly  to  the  subsonic  values  developed  from 
the  statistical  equations  for  appropriate  configurations. 

The  data  presented  in  this  section  are  for  particular 
F-lll  configurations  which  have  also  contributed  to  the 
data  used  in  the  previous  analysis  in  Section  4.3  for  the 
single  weapons.  It  would,  therefore,  be  quite  easy  to 
identify  a base  configuration  to  which  the  corrections 
could  be  applied.  The  data  will,  of  course,  be  limited  in 
application  to  single  stores  until  additional  testing  is 
obtained  to  identify  the  more  important  geometry  parameters 
associated  with  clustered  stores. 

If  data  is  obtained  from  other  sources  it  would  be 
necessary  to  make  comparisons  at  subsonic  speeds  between 
the  new  data  source  and  the  F-lll  results  in  order  to 
establish  some  similarity  of  configurations.  Although 
there  is  obviously  an  insufficient  amount  of  data  to  devel- 
op a generalized  data  source  from  the  available  F-lll 
results  at  supersonic  speeds,  the  F-lli  data  presented  in 
Figures  44-49  can  be  used  to  provide  compressibility 
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correction  trends  to  the  new  data.  In  Appendix  II,  the 
data  in  these  figures  are  replotted  as  a function  of  angle 
of-attack  for  easier  design  application. 


SECTION  6 


DATA  FROM  OTHER  SOURCES 


During  the  study  period,  a continuo1  survey  of  experi- 
mental data  from  other  sources  was  maintained.  There  is,  of 
course,  an  enormous  amount  of  data  where  forces  and  moments 
were  obtained  on  various  types  of  store  configurations  in  the 
presence  of  differing  winr-body  geometries.  In  general,  how- 
ever, the  bulk  of  the  testing  involved  a single  store  on  a 
single  pylon,  and  the  objective  cl  the  testing  was  to  estab- 
lish the  variation  in  the  aerodynamic  forces  and  moments 
acting  on  this  single  store  as  its  position  was  changed  and 
as  the  Mach  number  was  varied.  A list  of  these  sources  is 
contained  in  References  14  through  25. 

The  major  objective  of  the  present  study  was  to  estab- 
lish a method  of  predicting  aerodynamic  loads  on  generalized 
external  store  arrangements  from  an  empirical  correlation  of 
experimental  data.  From  the  F-lll  data,  arrangements  of  up 
to  eight  wing  pylon  stations  with  as  many  as  six  stores  on  a 
pylon  were  evaluated.  The  single-store  configuration  must 
then  be  considered  to  be  a special  case  when  considered  in 
the  context  of  all  of  the  configurations  examined  in  the 
present  study. 

One  significant  contribution  which  could  be  obtained 
from  data  extraneous  to  the  F-lll  wind  tunnel  data  would  be 
the  determination  of  other  geometry  parameters  which  would 
significantly  influence  external-store  aerodynamic  loads  but 
which  were  r o t evaluated  in  the  F-lll  testing.  An  example 
of  such  a geometric  parameter  is  the  vertical  distance  from 
the  store  to  the  bottom  of  the  wing  surface.  This  was  not  a 
variable  geometry  parameter  on  the  F-lll  because  the  pylon 
length  wa'  dictated  by  constraints  due  to  flap  deflection 
and  adequt ground  clearance. 

In  Figure  50  data  are  shown  from  Reference  16.  From 
this  reference  it  can  be  seen  that  the  vertical  displacement 
of  the  store  makes  a substantial  difference  to  the  magnitude 
of  the  normal  force  acting  on  the  store  but  in  this  particu- 
lar test  does  not  materially  affect  the  other  store  forces 
or  moments  which  were  measured.  It  would  not  be  proper  to 
assume  that  the  results  of  these  tests  are  universally  true 
for  all  conf igurafions . It  may  be  possible,  however,  _o 
draw  generalized  conclusions  from  such  tests  which  would  be 
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of  value  in  establishing  trends  for  other  configurations. 

The  data  from  this  reference  could  be  applied  to  the  pre- 
dicted values  from  Section  4.4  for  similar  geometric  arrange- 
ments. This  would  be  accomplished  by  multiplying  the  pre- 
dicted value  of  a particular  force  or  moment  by  the  ratio  of 
the  force  or  moment  from  Reference  16  at  the  new  vertical 
location  to  the  value  at  the  vertical  location  equal  to  the 
F-lll  data  of  Section  4.4. 

I 

Data  from  the  list  of  references  could  be  utilized  to 
expand  the  geometric  variations  beyond  the  values  tested 
during  the  F-lll  program.  As  was  previously  mentioned,  how- 
ever, most  of  the  data  contained  in  these  references  are  for 
single-store  arrangements.  Theoretical  aerodynamic  procedures 
such  as  those  contained  in  References  26,  27  and  28  have 
recently  been  developec  which  are  able  to  analyze  very  com- 
plex geometric  arrangements.  Some  of  these  programs  will 
actually  analyze  aircraft  configurations  with  some  representa- 
tion of  single  external  store  installations.  The  aerodyna- 
micist  must  therefore  make  a choice  of  expanding  the  empiri- 
cal techniques  developed  in  this  report  or  of  utilizing  a 
correlation  of  experimental  and  theoretical  aerodynamic  re- 
sults to  arrive  at  predictions  for  new  aerodynamic  configu- 
rations. For  more  complex  external  store  arrangements  with 
several  wing  positions  occupied,  theoretical  techniques  for 
aerodynamic  analysis  are  much  further  away  and  development 
of  empirical  prediction  techniques  based  on  correlations  of 
experimental  data  will  be  useful  for  many  years  to  come. 
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Figure  50  EFFECT  OF  STORE  VERTICAL  LOCATION 
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SECTION  7 


PREDICTION  OF  AERODYNAMIC  FORCES 
AND  MOMENTS  ACTING  ON  EXTERNAL  STORES 


The  mathematical  regression  analysis  techniques  used 
in  this  study  produced  a series  of  linear  equations  con- 
taining the  pertinent  geometr- c correlating  parameters.  A 
linear  equation  was  produced  for  each  of  five  forces  or 
moments  acting  on  a particular  store  grouping  at  various 
angles-of-attack  and  side  slip. 

In  Appendix  I,  a comparison  is  shown  of  the  predicted 
valve  of  a particular  force  or  moment  versus  the  corres- 
ponding experimental  value  obtained  for  the  F-lll  wind 
tunnel  test  data.  The  linear  correlating  equation  used  for 
each  comparison  is  shown  at  the  top  of  each  plot.  Two  con- 
cepts for  the  solution  of  the  aerodynamic  coefficients  are 
provided. 

A graphical  solution  of  the  coefficient  equations  is 
shewn  (two-thirds  size)  in  Figure  51.  The  stepwise  proce- 
dure for  using  the  graphical  design  chart  is  found  on  page 
93.  These  charts,  in  full  size,  are  available  from  the  Air 
Force  Flight  Dynamics  Laboratory/FBE , Wright-Patterson  A.F.B. 
Ohio  45433.  Because  of  their  volume  (179  charts),  loss  of 
accuracy  when  reduced  in  size,  and  time  consuming  applica- 
tion, the  design  charts  were  not  incorporated  in  this  report. 

A direct  analytical  solution  is  shown  on  p . 94.  This 
concept,  as  opposed  to  the  graphical  solution,  takes  advan- 
tage of  the  speed,  accuracy  and  wide  availability  of  small 
calculators.  In  Appendix  II,  the  aerodynamic  coefficient 
equations  and  the  equation  coefficients  (empirical  constants) 
are  conveniently  arranged  for  direct  computation.  The  em- 
pirical constants  are  tabularized,  easily  selected  and  keyed 
to  the  aerodynamic  coeffic°nt  equations.  The  two  example 
problems  on  page  94  show  the  predicted  normal  force  coeffi- 
ciert  acting  on  two  different  types  of  store  configurations. 
In  Cne  first  example,  a prejicticn  is  made  for  three  weapons 
mounted  on  a MER  rack  at  the  outboard  location  with  two  in- 
board pylon  locations  occupied.  This  prediction  can  be  com- 
pared with  that  shown  in  the  design  chart  on  page  92.  In 
the  second  example  a prediction  is  made  for  six  weapons 
mounted  on  a MER  rack  adjacent  to  the  fuselage. 

Appendix  II  is  intended  to  be  used  as  a preliminary 
design  handbook  for  the  deteimination  o::  aerodynamic  loads 
acting  on  external  stores.  Ir.  is  self-contained  so  that  it 
may  be  removed  and  used  more  conveniently 


WEAPONS  CLUSTER  + RACK  ♦ PYLON 
OUTBOARD  PYLON  - NORMAL  LOAD 


USE  OF  EXTERNAL  STORE  LOADS 
HANDBOOK  CHARTS 


1.  Enter  Mach  number  (point  1)  and  project  upward  to 
curve  (2) . 

2.  Move  horizontally  to  the  "AX"  base  line  (3).  Follow 
the  parallel  guidelines  until  the  desired  " AX"  value 
(4)  is  reached  (5). 

3.  Move  horizontally  to  the  "C"  baseline  (6).  Fellow  the 
parallel  guidelines  until  the  desired  "C"  value  (7)  is 
reached  (8) . 

4.  Move  horizontally  to  the  "D"  baseline  (9).  Follow  the 
parallel  guidelines  until  the  desired  "D"  value  (10)  is 
reached  (11) . 

5.  Move  horizontally  to  the  " ) " baseline  (12).  Follow 
the  parallel  guidelines  until  the  desired  " } " value 
(13)  is  reached  (14). 


6.  Move  horizontally  to  the  "PA  x fspd"  baseline  (15). 

FA  ' 

Follow  the  parallel  guidelines  until  the  desired 

"PA  x fSPd"  'S  reached  (17>- 


FA 


7.  Move  horizontally  to  the  left  and  read  Pjvt  (18). 

8.  Pft  for  TER  loads  is  read  at  point  18. 


NOTE:  Use  the  proper  curve  marked  TER  for  the  triple 

ejector  rack  or  the  curve  marked  MER  for  the  multiple 
ejector  rack.  When  only  one  curve  is  present  values 
for  the  TER  rack  only  may  be  obtained. 
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EXAMPLE  PROBLEM 


SECTION  8 


APPLICATION  AND  LIMITATION  OF  DATA 


The  studies  reported  in  this  document  were  designed 
to  synthesize  the  large  mass  of  F-lll  external  store 
loads  wind  tunnel  results  into  a format  which  would  be 
useful  to  the  preliminary  design  engineer.  This  pro- 
gram produced  a catalogue  of  major  classifications  of 
external  stores  and  established  mathematical  relation- 
ships which  could  be  used  to  determine  five  components 
of  force  and  moment  coefficients  acting  on  the  store 
configuration . 

Tne  mathematical  relationships  consisted  of  lin- 
earized equations  containing  geometric  parameters  de- 
veloped from  the  empirical  correlations  of  the  F-lll 
wind  tunnel  results.  Because  the  prediction  equations 
were  developed  from  a specific  set  of  wind  tunnel  re- 
sults directly  dependent  on  the  F-lll  model  geometry 
it  is  important  for  the  engineer  to  have  some  appre- 
ciation for  the  limitations  of  the  geometric  variables 
which  were  incorporated  in  the  correlation  studies. 

Since  the  only  guide  to  the  limitations  that  the  en- 
gineer might  recognize  are  the  actual  geometries  used 
in  the  correlations  it  might  be  sufficient  to  refer 
the  engineer  back  to  Figures  1 through  17  and  Figures 
20  through  25.  In  order  to  provide  a more  concise 
reference  for  geometry  limitations,  however,  a schematic 
diagram  of  what  are  felt  to  be  limiting  geometry  par- 
ameters pertinent  to  this  study  are  shown  in  Figure  52. 


Wing  SweePT.F  Weapon  Limitation  Rack  Configuration 
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Figure  52  Geometry  Limitations  Applicable  to  Correlation  Studies 
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COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
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■0/5 1 


0/0  *— 
.0/0 


■ 005  o 

PREDICTED 


005 

EijEl.  4L 

CMC 8)  *• 


■O/O 


O/5 


.080 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
Outboard 

SIDE  FORCE  COEFFICIENT 

LOAD  “ "9°»  P*  °° 

M - .60  - .95 
- c.  - 16°  - 72.5° 

Li.* 


A AR  , .0400787  + 0001319 1 - .00379: 2D  + .0001232C 

C A O 

t.  00010284X  - .0000008  ~ x FSPD  - .OOISOSSM^ 


o . oo j .o/c 


PREDICTED 

108 


ure* 


All 


cP 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
Outboard 

SIDE  FORCE  COEFFICIENT 

^ LOAD  " +°°  > $ = +10° 

M = .60  - .95 
-/lLE  = 16°  - 72.5° 


— 2 AR  = . 08712S  + .000162/-  .006417D  - .000066C 

m 000333/1 X + .000010  §£  x FSPD  - .006626M2 

FA 


109 


It 


'T"  , -*|  <-S ‘V**^ * r W***? flfcT^  -7 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
Outboard 

SIDE  FORCE  COEFFICIENT 

^ LOAD  * +6°,  /5  = -10° 

. M = .60  - .95 
-^LE  = 16°  - 72.5° 


fSA 


^2  AR  - - .039710  - .000004/+  .003514D  - .00009 1C 
- . 00001 54 X - .000003  ~ x FSPD  + . 006264M2 


pee o/c  if  o 


<'A 

Tfjf  /})  * 

110 


M' 


. f'v‘. 


r'c 


TEST  Q»0t  /)& 


■ ■''I^WTO'afSSfWgS 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
Outboard 

PITCHING  MOMENT  COEFFICIENT 


OL 


LOAD 

M 


16°, 


e> 


-jL 


LE 


,60  - .95 
= 16°  - 72.5° 


~'mPA 

NFB2 


AR  * -.051894  - .000184^+  .004161D  + .000010C 

PA  o 

+.000059^X  - .000001  ££  x FSPD  - .000338M*- 

FA 


-.010 


-.0/0  -.00$ 

PREDICTED 


oo $ 


o/o 


C/5 


£™f*.  jdp 

TAJ FB)  2 
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COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
Oufboard 

PITCHING  MOMENT  COEFFICIENT 

^ LOAD  = 6°,  £ « Oo 

M = .60  - .95 
sLle  - 16°  - 72.5° 


CmPA 

~ 2 AR  * --0«446  - . 000132  U .003595D  - .000007C 
-.0000 174) X + .0000004  ^ x FSPD  4-  ,000389M^ 


/tb/ 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
Outboard 

PITCHING  MOMENT  COEFFICIENT 
LOAD  ” -9°,  & « 0° 

M - .60  - .95 
—A—  rp  = 16°  - 72.5° 


— AR  - -.081475  - .000004 /+  .006119D  - .000154C 
NFB  - . 000299^ X - .0000004  |jj  x FSPD  - .000097M2 


mDtcTt.D  jjJnji  * 
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COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
Outboard 

PITCHING  MOMENT  COEFFICIENT 
5°,  6 - +10° 

.95 


^ LOAD 

M - ,6Q  - 
LE 


16°  - 


72.5 


o 


CmPA 

NFB2 


AR 


-.052207  - .000137i+  .003983D  - .000009C 
- . 000017AX  - .0000006  x FSPD  + .001490M2 


PfH5D/C  ^ 

(MF6)1 

115 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
Outboard 

PITCHING  MOMENT  COEFFICIENT 


(X 


LOAD 

M 

LE 


6°,  0 - -10C 

.60  - .95 
16°  - 72.5° 


-.044344  - .000119/+  .003631D  - .000037C 
0000304 X - .0000012  — x FSPD  + .000293M2 

rn 


.^SCE-^kW 


"«*w>  ft » tUBWWWfli 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CUTS TER  + RACK  + PYLON 
Outboard 

YAWING  MOMENT  COEFFICIENT 


a LOAD  ■ 16°.  0° 

K - .60  - .95 
- 16°  - 72.5° 


AR  - -.045114  + .000001i+  .002706D 


. 000018C 


■.000047AX  + .000002  ||  x FSPD  - .000524M2 


-.005 


-005  o .00 

PREDICTED  .1  '_«±  xe 


& 


wr 


■oesaESi 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 


Outboard 

YAWING  MOMENT  COEFFICIENT 
& LOAD  " 6°>  & m 0° 

M =*  .60  - .95 
JL  LE  - 16°  - 72.5° 


C 


nSA 

NFB2 


AR 


-.018915  + .000011/+  . 001322D  - .000029C 
- , 00005 1AX  - .0000004  x FSPD  - .001880M2 


-.o/o  \ 


x 

-.0/0 


\ 

-.005 

PZED/C  TED 


1 

o -cos 

Ta/PE]1  ">c 


.0/0 


.0/5 
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COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 

Outboard 

YAWING  MOMENT  COEFFICIENT 


LOAD 

M 


-4°,  $ 


M * .60  - .95 
~A-  Lg  * 16°  - 72.5° 


~2  AR  * -023739  + .000042^-  .001670D  + .000015C 

+.000022^X  - .0000003  ||  x FSPD  - .002644M2 


< o 

V)  OQ 

0 S 


S ~-00s\ 


-OOf 

P&EDIC  TED 


(fJFC 


(l  A(L 


*1 


>f 


£ 

; 


I 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + FYLON 
Outboard 

YAWING  MOMENT  COEFFICIENT 


CL 


LOAD 

M 

ct 


-9°,  £ - 0C 
.60  - .95 


LE 


16 


72.5 


"nSA 


AR 


NFB 


.021740  + .000019/-  .0016L9D  + 000042C 


+.000061AX  - .000001  — x FSPD  - .001981M2 

FA 


■0/0  \ 


S - °°5 


-■O/O  \ 


- — i 1 — ■ — 1 r - 1 

-.0/0  -.00$  o .005  .0/0  0/5 

PREDICTED  SsUt-  ml 


TEST 


MSCSS 


* -af»m»  w?><»,«  «u  i~wrt'  •'*  * * ^vr<*  TW3fi 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
Outboard 

YAWING  MOMENT  COEFFICIENT 


a 


LOAD 

M 


6°,  $ 


+10 


,60  - .95 


-A 


LE 


16 


72.5 


jn 


SA 


NFB 


AR  - -.061530  + .000053^+  .003718D  - .000056C 

- .000123AX  + .0000019  — x FSPD  - .000985M2 

FA 


.0/0 


.005 


«Vi 


5 

<S 


* 

Gq 

$ O 


.005 


-0/0 


-.0/0  -.005  O .005 

PREDICTED 

l/pB3.  ** 


.0/0 


£>/5 
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TEST 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 

Outboard 

YAWING  MOMENT  COEFFICIENT 

<2  LOAD  = 6°’  ^ * "10° 

M = .60  - .95 
^-LE  " 16°  - 72‘5° 

-^2  AR  = .028859  - . 0000014 1-  .001456D  - .000014C 
NFB  -.0000048AX  - .0000024  x FSPD  - .002011M2 


.oio 
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'rmy,w'\£ *•/  v*  t.  'f>>i'  >V-,v 


m'mn'«— ia 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
Outboard 

ROLLING  MOMENT  COEFFICIENT 

« LOAD  ‘ 16°>  * °° 

M - .60  - .95 

-^LE  - 16°  ' 72-5° 


j^SA  /> 

2 AR  = .024005  - .000061/-  .001348D  + .000042C 

+.  0000424 X + .0000002  M x FSPD  + .000535M2 

r A 


PKtD/CTED 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
Outboard 

ROLLING  MOMENT  COEFFICIENT 

a t a t\  - 6°,  3 - 0° 


LOAD 

M 

J-r* 


.60  - .95 
16°  - 72. 5C 


AR  - -.014099  - .0000791+  .0008700  + .000046C 

+.000059z)X  + .0000012  x FSPD  + .000716M2 

FA 


«<*>  o 


k 

i° 

pj  -.oo) 


PREDICTED  ^ar 
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COMPARISON  OF  TEST  AND  PREDICTED  DAIA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
Oufboard 

ROLLING  MOMENT  COEFFICIENT 
*°,  $ « 0° 

.95 


^ LOAD 
M 


JL 


LE 


= .60  - ... 

= 16°  - 72.5° 


C/SA 

NFB2 


AR 


-.047025  - . 000063  d + .003143D  - .000012C 
+. 0000034 X + .00000001  x FSPD  + .00I300M2 


I 


i 

? 


r ~ r ti 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
Outboard 

ROLLING  MOMENT  COEFFICIENT 

r ■ -9°,  & ~ 0° 


& LOAD 
M 

-A-  T I? 


- .60  - .95 

- 16°  - 72.5° 


-.073241  - .000092^+  .004853E  - .000010C 


+.00000001AX  + .0000015  ~ x FSPD  + .0002 


TEST 


COMPARISON  OF  TEST  AND-  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
Outboard 

ROLLING  MOMENT  COEFFICIENT 


a 


LOAr; 

M 

LE 


6°,  $ » +10C 

.60  - .95 
16°  - 72.5° 


°^SA 

NFB2 


AR 


.039753  - .000087^-  .001798D  + .0000084C 
+.0G0063AX  - .000003  ~ x FSPD  + .002527M' 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
Outboard 

ROLLING  MOMENT  COEFFICIENT 

- 6°,  ^ - -10° 


LOAD 

M 

-A-  T S' 


.60  - .95 
16°  - 72.5° 


-.015173  + .000022^+  .000212D  + .000055C 
+. 00005 8^ X + .0000021  ~ x FSPD  -.0014899M 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPON  CLUSTER  + RACK  + PYLON 
INBOARD 

NORMAL  FORCE  COEFFICIENT 

LOAD  - 16°  /3  - 0° 

A M - .6-  .95 

aLE-  16°  - 72.5° 


■ .0646345  + .0002472/-  .0029391D  - .0002361C 
0001882/1 X+  .0000022  — FSPD  - .0034984M2 


.020  -,OiO  O .OlO  .OZO 

Predicted  as 


.030 


V>w  rtWET 


COMPARISON  OP  TEST  AND  PREDICTED  DATA 
FOR  WEAPON  CLUSTER  + RACK  + PYLON 
INBOARD 

NORMAL  FORCE  COEFFICIENT 

°£  LOAD  - -4°,  /3  - 0° 

. M - .6  - .95 
LE  - 16°  - 72.5° 


.3080345  + .0006389/-  .0216784D  - .0000069C 

•. 000254 7AX  - .0000025?^  FSPD  - .0129680M2 

FA 


» %r% 


o 

O O 

o o 


PREDICTED 

NFS* 


TEST 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPON  CLUSTER  + RACK  + PYLON 
INBOARD 

NORMAL  FORCE  COEFFICIENT 


X LOAD  - -9°,  - 0° 

M - .6  - .15 

_ Af  - /X-7Z-S° 

npa 

2 AR  - .4241661  + .0009421>f  - .0286388D  - .0002069C 

NFB*  -.0004086AX-  .0000141  M FSPD  _ .0137638M2 

FA 


Predicted 

MFB*^ 

132 


.0*0 





larn 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPON  CLUSTER  + RACK  t PYLON 
INBOARD 

NORMAL  FORCE  COEFFICIENT 

«>£  LOAD  - 6°,  - +10° 

M ■ .6  - .95 
•A  LE  - 16°  - 72.5° 


°NpA 

— Tjjj  AR  - .0728322  + .0002660/-  .0046136D  - .0001246C 


133 


t 


p 

I 


i 


r 

k 


l 

i’ 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPON  CLUSTER  + RACK  + PYLON 
INBOARD 

SLIDE  FORCE  COEFFICIENT 

c C LOAD  * 16°,  0 » 0° 

M - .6  - .95 
Au«  16°  - 72.5° 


Cysa 

NFb2  AR  - .0077993  + .0001094^-  .0038968D  + .0002840C 
-.00Q4038AX  + .0000463  ^ x FSPD  - ,0001347M^ 


.020 


PKE-D'-CTED 


1-35 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPON  CLUSTER  + RACK  + PYLON 
INBOARD 

SIDE  FORCE  COEFFICIENT 

e/  LOAD  - -4°,  /3  - 0° 

M - .6  - .95 
ALf  16°  - 72.5° 

AR*  -.0193436  - .0001554^+  .0052563D  - .0003555C 
+.0001220AX-  .0000227  -f-  x FSPD  - .0066710M2 


-.030  f 


-.030 


-.020 


-.OlO  O 

•pf?eDICTEO 


C-Ys*. 

WF8* 


.OlO 

AR. 


020  .030 
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\.fC WF- 
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COMPARISON  OP  TEST  AND  PREDICTED  BATA 
FOR  WEAPON  CLUSTER  + RACK  + PYLON 
INBOARD 

SIDE  FORCE  COEFFICIENT 

LOAD  - 6°,  /3  - +10° 

M - .6  - .95 
16°  - 72.5° 


AR  - .0000360  - .0000806/+  .0019274D  - .0001780C 
-.0000055 AX  - .0000115pj-  x FSPD  + .0000134M2 


TEST  — 


TEST 


i 

i- 

} 


I 


fc. 


i 


i 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPON  CLUSTER  + RACK  + PYLON 
INBOARD 

T ITCHING  MOMENT  COEFFICIENT 


o t LOAD  - 16°,  & - 0° 

M - .6  - .95 
16°  - 72.5° 


cMpA 

AR  - - .0563884  -.0001997^  + .0053897D  - .0001095C 

NFBZ 

+ .0000653AX-  .0000069  x FSpD  _ .0003341M2 


-.0/0 


l I 

foio  ■ CO 5 0 005  Cto  .0/5 

Pt>EDIC7£D  c”>pa  ap 


141 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPON  CLDSTER  + RACK  + PYLON 
INBOARD 

PITCHING  MOMENT  COEFFICIENT 

onload  - -4°,  /3  - o° 

M - .6  - .95 
Air-  16°  - 72.5° 


-.0776852  - .0000914/+  .0052603D  - .0000208C 
-. 000142 34X  + .0000020  x FSPD  + .001665ft!2 


.015 


143 


TF3r 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPON  CLUSTER  + RACK  + PYLON 

INBOARD 

PITCHING  MOMENT  COEFFICIENT 

tC  - -9°,  (3  = 0° 

M = .6  - .95 

ALr  160  - 72-5° 

CMPA 

r AR  = - .0778592  - .0000023^  + .0050193D  - .0000515C 
NFB^ 

- .00C2559AX+  .0000029  x FSPD  + .0017576M2 


144 


•VEST 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPON  CLUSTER  + RACK  + PYLON 
INBOARD 

PITCHING  MOMENT  COEFFICIENT 

</  - Q - -10° 

M - 16  - .95 
16°  - 72-5° 

^PA 

NFB2  AR  - - .0487373  - .0001362/+  .0042187D  - .0Q00698C 

- .00001924X  - .0000031  — x FSPD  + .0000201M2 

FA 


Figure  A-48 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
INBOARD 

YAWING  MOMENT  COEFFICIENT 

o C “ 16°,  0 *0° 

M—  *6  ~ -95,  ALp  16°  - 72.5° 


- .0003796  + .0000604/+  .0018070D  - .0002708C 

- .0000927AX  - .0000127^  x FSPD  + .0001273M2 


-OC6  O 

PREDICTED 


.00*9 


■OtO 


.01*9 


147 


COMPARISON  OF  IEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
INBOARD 

YAWING  MOMENT  COEFFICIENT 

o<r  m +6°,  /3  - o° 

M - .6  - .95,  yiL  - 16°  - 72.5° 


.0183209  + .0000177^  + .0009493D  - .0002743C 
.0000437AX  - .0000144  x FSPD  + .0012640M2 


IKK 


T l'"i.  ■ ; ' 


iiifauu. 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
INBOARD 

YAWING  MOMENT  COEFFICIENT 

o£  = -4°,  /3-  0° 

M = .6  - .95,  A^r  16°  ~ 72-5° 


.N’SA 

NFB2 


AR  = .0041284  - .0000429.?  + .00079250D  - .0001042C 

+ .0000530AK-  .0000058  f£  x FSPD  + .00I5949M2 


• OlC 


.205 


0/ 

< 


< 

c 

u 


fc 

f 


- 2051 


-CiO 


-.G\G  G GO  5 

|i.=.DK.TED 


..  i : 


:i5 


] 4 9 


I 


fcy 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
INBOARD 

YAWING  MOMENT  COEFFICIENT 


oC  = -9°  , /3=  0° 

M = .6  - .95,  = 16°  ~ 72*5° 


cNsa 

Nfb2  M = " *0035047  - .0000602/+  .0010389D  - .0000622C 
+ .00008644X-  .0000047  SA  x psPD  + .00i9234M^ 


150 


I 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
INBOARD 

YAWING  MOMENT  COEFFICIENT 


oC  = 6°  , /3  = iO0 

M - .6  - .95,  Ji  = 16°  - 72.5° 

^NSA 

AR  = - .0121536  + .0001100^  + .0018221D  - .0002204C 

NFB2 

- .0001544AX-  .0000082  |A  x FSPD  + .0004205M2 


-do 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
INBOARD 

ROLLING  MOMENT  COEFFICIENT 

= 16°  , /3  = 0° 

M = .6  - .95,  = 16°  - 72.5° 


NfS^  AR  = - .0298824  - .0001161,/+  .0002465D  + .0002800c 
+ .00009924X+  .0000113  x FSPD  + .0000446M2 


■D  6 


153 


COMPARISON  G?  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
INBOARD 

ROLLING  MOMENT  COEFFICIENT 


oC  - -4°,  15 

M - .6  - .95,  y\_ 


IB 


16°  - 72.5 


AR  - - .0293826  + .0000622/-  .0007468D  + .0002578C 
- .OOQOL39AX+  .0000158^  x FSPD  + .0012512M2 


<h-**V.***2 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
INBOARD 

ROLLING  MOMENT  COEFFICIENT 

oC  * -9°,  (Z  - 0° 

M - .6  - .95,  A - 16°  - 72.5° 


■ - .0276649  + .0000932/-  .0008904D  + .0002356C 
- .00001664X+  .0000158  |£  x FSPD  + .0018532M2 


-.OO4?  O C XD6 


PRE-DICTED 


COMPARISON  OP  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK  + PYLON 
INBOARD 

ROLLING  MOMENT  COEFFICIENT 

oC  m 6°,  /3  - -10° 

M - .6  - .95,  Altm  16°  " 72 *5° 

- .0068514  + .0001296/  - . 00336 36D  + .0003668C 
+ .0000152AX+  .0000198  M x FSPD  + .0009738M2 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

NORMAL  FORCE  COEFFICIENT 


OC 


LOAD 

M 

LE 


16  i ( 

.60  - .95 


16 


72.5 


%A 

NFB2 


AR 


.0464159  + .0001782/-  .0032068D  - .0000263C 
- . 0001578zfx  + .0000101  x FSPD  - .0036218M2 


,02S\ 


,<XO 


P/5 


o/o 


K 

K}  .005 


0 


- 005 


-005 


.005 


PREDICTED 


.0/0 


.0/5 


.020 


C-A/. 


A/F3 


.025 


159 


T£ST 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

NORMAL  FORCE  COEFFICIENT 

-°  A no 
5 , P = 0 

.95 


^ LOAD 
M 


.60 

.A  LE  - 16° 


- 72. 5l 


CNpA 

2 AR  - .0290903  + .0001389/-  .0018504D  - .00005I2C 
- . 0001611/lx  - .0000035  x FSPD  - .0026321M2 


fflL&atiiaaii 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

NORMAL  FORCE  COEFFICIENT 

* LOAD  * -*°’  P " 0° 

M * .60  - .95 
-t  LE  - 16°  - 72.5° 

Cnpa 

— 2 AR  > .0649270  + .0002027/-  .0040564D  - .0000682C 
-.00014544X  - .0000029  ||  x FSPD  - .0144923M2 


J- 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

NORMAL  FORCE  COEFFICIENT 


a 


LOAD 

M 

-A  LE 


0 


o 


.95 

72.5° 


CNpA 

2 AR  - .1222551  + .0003240/-  .007S883D  - .0001218C 

‘rFB  -.0002146ijX  - .0000066  ^ x FSPD  - .0176933M2 


162 


-TEST 


-•  - 'WMjjUW. 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

NORMAL  FORCE  COEFFICIENT 

« n u * 4-i  r 

LOAD 
M 


AX 


a 


6°,  3 - +iov 

.95 


.50 

JlLEm  16°  " 72  -5° 


CN 


PA 


NFB 


AR  - .0800672  + .0002802^  - .C05»772D  - .0000538C 

- . 000189  5^X  -4-  .000.0042  x ?SPD  - .0028644M2 

r a 


■OIO 


* 


■ oat) 


I 


PK 

to 

k 

5 o 

v_ 


-co6 


-.0/0 


-■OlS 


-.oiS 


■ OIO  - cos 
PREDICTED 


o 

r 


■oos 


■ CIO 


.as 


Up*, 


(a if  6) 


, * 


163 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

NORMAL  FORCE  COEFFICIENT 

^ LOAD  ' 6°’  2 ’ -10° 

M - .60  - .95 
vLle  - 16°  - 72.5° 


— 2 AR  = .0490430  + .0001690  P-  .0033375D  - .0000448C 

NFB  - . C001422/lx  + .000034  ~ x FSPD  - .0041177M2 

FA 


y) 

to 


PZEOlCTEO 


(wr*y 


164 


qgwiisnafrfi 


aBipasBK 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 


Outboard 

SIDE  FORCE  COEFFICIENT 


a 

LOAD 

M 

LE 


- ’ 6 , 

= .60 
= 16° 


0° 

.95 

72.5° 


cySa 

2 

NFB 


AR 


.1338657  + . 0002782  £ ■ .0073283D  - .0002927C 
- . 0002682ziX  - .000015:  x FSPD  - .0033665M2 


165 


r 


l 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

SIDE  FORCE  COEFFICIENT 


v * 

' LOAD 

6°, 

o 

H 

M =* 

.60  - 

.95 

-^LE  = 

16°  - 

72. 5' 

2 AR  = .0069187  + .0001266,/  + .0002836D  - .00 01649C 
- . 00019714X  - .0000088  x FSPD  + .0005366M2 

■6*5  j 


f 

l - 0/0 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

SIDE  FORCE  COEFFICIENT 


a 


LOAD 

M 

^LE 


-4°,  e 


0 


o 


.60 

16° 


.95 

72.5° 


“2  AR  - .0451153  + .0001769  P - .0036213D  + . 0000300C 
+ . 0000003Z1X  - .0000015  x FSPD  + . 0006152M^ 


'■°°5  o ,005  .0/0  ~ois 

Ftf£D/C  TED  a 

/yFg2  SK 


167 


7~£S7 


rr 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Ou  Haoard 

SIDE  FORCE  COEFFICIENT 
= -9°,  $ = 0° 


LOAD 

M 


^LE  = l6L 


.60  - .95 


72.5 


o 


gWBSggSS 


{ 

\ 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

SIDE  FORCE  COEFFICIENT 


^LOAd"  6°.'3-+l0° 
M - .60  - .95 

-Ale  = 16°  - 72-5° 


cYsa 

NFB2 


AR 


. L040386  + . 0002619  £ - .0065211D  - .0001936C 
-.000325ft1x  - .0000062  x FSPD  - .0058807M2 


- Ctt 


- QIC 


- Oc'f'- 


i ' t /%  c <y 


V,,  ^ 

vr?  / 


169 


— n aTMfiaaiiittftaaii 


TEST 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Oufboard 

SIDE  FORCE  COEFFICIENT 
^ ,o  A ,~o 

WAD 
M 

-''l  LE 


(3  - -iov 

.60  - .95 
16°  - 72.5° 


CySA 

NFB2 


AR 


-.079380  + . 0000062  + .0065318D  - 

C A 

-.00016204X  - .0000087  x FSPD  + 


. 0001634C 
0070115M2 


COMPARISON  OF  TEST  AND  PREDICTED 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

PITCHING  MOMENT  COEFFICIENT 


LOAD 


16°,  (5  - 0° 


DATA 


M - .60  - .95 
-/Lu  - 16°  - 72.5° 


-.0656221  - .0002063/+  ,0048313d  + .0000419 
+. 00008573 X - .0000005  x PSPD  + .0001216M 


PREDICTED  Jl&L 


171 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

PITCHING  MOMENT  COEFFICIENT 


LOAD 

M 

JL 


\ & 


.60  - .95 


LE 


16°  - 72.5° 


-'m 


PA 


AR 


NFB 


-.0581736  - .0001522  /+  .0043.308D  + .0000013C 

PA 

+ .0000022AX  - .0000001  x FSPD  - .0001580M 


OlO 


■ OOS; 


* i 

^(0  I 

/|ZO 


fe 


p 


u 


f 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 


Oufboord 

PITCHING  MOMENT  COEFFICIENT 


LOAD 
M = 


^ LE 


-4° 

.60 

wO 


0 


o 


- .95 

- 72.5° 


PA 


NFB" 


AR 


-.0780703  - . 000105 1 i + .0058759D  - .000083IC 
- .0001659/lX  + .0000001  ~ x FSPD  + .0010301M2 


i 

? 


[ 

u 

v 

S 


E. 


I 

tf 


OlO 


o 


00“ 


•REL'-CTED 


"*-v.  . 

- 

k'*~  a *• 


O'S 


173 


T£ST 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  “ RACK 
Outboard 

PITCHING  MOMENT  COEFFICIENT 

^ LOAD  = _9°’  ^ * 0° 

M = .60  - .95 
_/!  - 16°  - 72.5° 


.0851708  - .0000551/+  .0064723D  - .0001368C 
0002695^X  - .0000002  ^ x FSPD  + .0011138M2 


)G  O O 


r K i_  D ^ C,  T ■,  D AR 

s:re* 


r 


T 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

PITCHING  MOMENT  COEFFICIENT 


^ LOAD  “ 6 

M 


3 


+10" 


.60  - *95  n 

A 168  - 72.5° 
LE 


-m 


PA 

/■ 

nfb" 


AR  = -.067462/4  - .0001726  ^+  .0049479D  + .00G0069C 

+. 0000057/=  X - 0 |-  x FSPD  + .0005631M2 
FA 


175 


T£TST  v-ff»  pa 


I 


L 

[ 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

PITCHING  MOMENT  COEFFICIENT 


' LOAD 
M = 


6°,  f'  - -10° 

.60  - .95 
16°  - 72.5° 


AR  = -.0646210  - 
- . 0Q00089J  X 


. 0001*21  ' + . 0048569D  - 
- .0000002  |f  x FSPD  - . 


•0000101C 

0003474M2 


< 'iS 


1 76 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

YAWING  MOMENT  COEFFICIENT 


178 


TEST" 


yTW^a^Vfry***?^ 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

YAWING  MOMENT  COEFFICIENT 
■ o D_  „o 


LOAD 

M 

LE 


-4U,  0^ 

.60  - .95 
16°  - 72.5° 


| C 


nSA 

2 

NFB 


AR 


.0368192  + .0000303-i7-  .0022323D  - . 0Q00063C 
+.0000044JX  - .0000012  x FSPD  - .0031355M2  C 


-,o\o 


-.005  o 

PREDICTE.D 


.005 


AH 


.oio  . Ol5 


vr.-ni.ua  <1^*.  JW  ggL1^"  **'  ,^’-;y  fStPjQJG 


1 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

YAWING  MOMENT  COEFFICIENT 
n load  - -9°’  - °° 


M = .60 
^e  = 16° 


.95 
72. 5C 


"nSA  n 

— —2  AR  = .0362629  + .000013li-  .00228I0D  + .0000158C 

ffi  B +. 0000419^' X - .0000015  x FSPD  - .0026786M2 

FA 


TEST" 

, NFS*- 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

YAWING  MOMENT  COEFFICIENT 


= -.0354325  + .0000301/+  .0027539D 

C A 

0001556, \X  - .0000005  x FSPD  - 

FA 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

YAWING  MOMENT  COEFFICIENT 
.60  - .95 


LOAD 

M 

-71  LE 


= 16°  - 


72.5 


= .0361489  - .0000387/  - .0021597D  + .0000322C 

c A 

+.00005544X  - .0000010  x FSPD  - .0034869M 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

ROLLING  MOMENT  COEFFICIENT 


LOAD 

M 

LE 


16°,  0 =*  0° 

.60  - .95 
16°  - 72.5° 


c£ 

AR  - -.0162618  + .0000310/+  .0009487D  - .0000207C 

NFB  -.0000256dX  + .0000003  x FSPD  - .0002054M2 


TJrST 


EHBtWEB,  £?3EEHSSES£ 


w& 


■{*'**- 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

ROLLING  MOMENT  COEFFICIENT 


^ IOAD 
M 


-A-  LE 


6°,  £ = 0° 

.60  - .95 
16°  - 72. b° 


'd, 


SA 


NFB 


AR 


-.0094358  + .0000096  $+  .0005843D  - .000C089C 
- . 00001529^X  + .0000003  x FSPD  + .0000253M2 


L a £a  - - 


-p  i a&eSksSbM) 


\.n- isdi-, 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

ROLLING  MOMENT  COEFFICIENT 

/V  - .4°  Rm  0° 

^TOAD  » ^ 

M - .60  - .95 
JLle  - 16°  - 72.5° 

C/q 

—~2  AP  = -0350573  + .0000351/-  .0022957D  + .0000026C 
NPB  +. 0000083^X  - .0000003  ~ x FSPD  - .0002086M2 


185 


7TST  sv/£*~  ^ 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

ROLLING  MOMENT  COEFFICIENT 


’ LOAD 
M 

• ATr. 


-9°,  $-  0° 

.60  - .93 
16°  - 72.5° 


Ari 


.0684973  + . 0000544 - .0044968D  + .0000075C 

+.  0000265^1  X - .0000011  ~ x FSPD  + .000465M2 

I'A 


WfJ* 


xr=r*v**vt vwt.,y.  ■•-''-Mr  * J’*' 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  CLUSTERED  WEAPONS  + RACK 
Outboard 

ROLLING  MOMENT  COEFFICIENT 


Oi 


LOAD 

M 

XLE 


6°,  0-  -10° 

.60  - .95 
16°  - 72.5° 


\ AR 


.0012699  - .0000114/-+  .0000291D  - .0000025C 
- .0000 jl  1021 X + .0000012  ~ x FSPD  + .0000868M2 


/ 


- ' '••■  ■»<  V~wtr,+  .,*•»•  v I.  •..».  VrtrtMS,  ,w*  ■*..».»  ^r?-wr«w  ~ 

I 

) 


i 

COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK 
INBOARD 

NORMAL  FORCE  COEFFICIENT 

oC  - 16°,  /3  - 0 
M - .6  - .95 
JlLB  - 16°  - 72.5° 


AR  = .1754472  + .0004884/-  .010152D  - .0002813C 
0003812 AX+  .0000035  Tfc  x FSPD  - .0044419M2 


■05  OIO  .0/5  .020  .02  5 -030 

PREDICTED 


.VI rTfcV** &U&T 'I 


test 


1 


COMPARISON  OF  TEST  AND  PREDICTED  DATA  * 

FOR  WEAPONS  CLUSTER  + RACK  1 

INBOARD  J 

NOrC'AL  FORCE  COEFFICIENT  | 

- 6°,  /3  - 0 I 

M ■ .6  - .95,_/^  - 16°  - 72.5°  | 


■005  .0/0 

PREDICTED 


o 


predio 


■.005 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK 
INBOARD 

NORMAL  FORCE  COEFFICIENT 

cC  = r9,  /3  ■ 0 

M = .6  - .95 ,A,e=  16°  " 72.5° 

%A  t 

~2  AR  = .2974829  + .000678/-  .0209530D  - .0000649C 

nfb  * p, 

-.0001772AX-  .0000110  — x FSPD  - .0148355M' 


TEST 


■ . tr~mtvn*iaatan**  -*mn ' I’iSSgSSSSSSwKSSS 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK 
INBOARD 

NORMAL  FORCE  COEFFICIENT 

oC  - 6°,  0 - +10 

M - .6  - .95,y^f«  16°  - 72.5° 


%A 

NFB2 


AR 


.1020917  + .0003481/-  .0063710D  - .0001755C 
- .0002704AX-  .0000002  ~ x FSPD  + .0019147M2 


PREDICTED 


-TEST  Cvsa 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK 
INBOARD 

SIDE  FORCE  COEFFICIENT 


oC  « 16°,  /3  m OO 

K - .6  - .95, « 16°  - 72.5° 

AR  - .0977910  + .0000270J?  - .0064498D  - .0000102C 

+ ,0000019^X-  .0000011  FSPD  + .0038091M2 


Pee  P/creo  Cvsa 

NFS' 


195 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK 
INBOARD 

SIDE  FORCE  COEFFICIENT 


oC  - 6°.  /3  - 0 

M « ,6  ~ .95,  A -16 


72.5 


o 


“ - .0036643  - .0000444^  + .0000166D  + .0000360C 
+ .C0001474X+  .0000010  FSPD  + .0073938M2 


■.cos  o .oos 


peco/creo 


196 


.0/0 


»->  l t'A-t  sL_  I: 


7~£ST 


tfowermw «MWi 


COMPARISON  OP  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK 
INBOARD 

SIDE  FORCE  COEFFICIENT 

oC  - 60,  (3  - +10° 

M - .6  - .95. - 16°  - 72.5° 


C*SA 

NFB2 


.06887725  + ,0001078/-  .0050757D  - .0000373C 

e a 

.0001503AX+  .0000024  ~ FSPD  + .0041811*- 


PRE-CMCTE-D 


-re  st  CYja 


2 GO 


•>jr 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPONS  CLUSTER  + RACK 
INBOARD 

PITCHING  MOMENT  COEFFICIENT 

ot  - 16,  /O  - 0 
M - .6  - .95,  - 16°  - 72.5° 


%A 

NFB7 


AR  - - .0662279  - .0002184/ + .0053096D  - .0000111C 


+ .0000829AX  - .0000031  ~ x FSPD 

FA 


.0005370M2 


».  O-A  \-aJ*  « 


TEST 


FOR  WEAPON  CLUSTER  + RACK  | 


INBOARD 

YAWING  'MOMENT  COEFFICIENT 

- 16°,  /3  - 0° 

1SN  - .6  - .95 
JL  - 16°  - 72.5° 

CNSA  . . 

TAR  - - .0029212  - .0000175/+  .0020040D  - .0002230C 

NFB^  ca 

+ .0000024AX-  j 0000173  x FSPD  - .0009609M2 


T/f5  T 


C 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPON  CLUSTER  + RACK 
INBOARD 

YAWING  MOMENT  COEFFICIENT 


o C » 
MN  = 


Mb 


6°,  /3 

.6  - .95 
16°  _ 72.5° 


0° 


CNsa 

NFB2 


AR 


.0362250  + .0000033/  - .005486D  - .0002002C 
.000004IAX-  .0000156  x FSPD  - .0027752M2 


.010 


-.0/0 


-0/0 


-.006 


.005 


.0/0 


PM Did ED 


208 


.0/0 


Lr*.trl+£d 


COMPARISON  OP  TEST  AND  PREDICTED  DATA 
FOR  WEAPON  CLUSTER  + RACK 
INBAORD 

YAWING  MOMENT  COEFFICIENT 

oC  - 40,  /(3  - 0° 

Ml  - .6  - .95 
Au~  16°  - 72.5° 


CNsa 

NFB2  ^ " .0379166  + .0000074,#-  .0017100D  - .0000617C 
+ .0000200AX"  .0000046  x FSPD  - .0032167M2 


209 


cnsa 

NFB2 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPON  CLUSTER  + RACK 
INBOARD 

YAWING  MOMENT  COEFFICIENT 
-9°  , 

MN  - .6  - .95 
16°  - 72.5° 


<c 

Ml 


ft  - 0° 


AR  - .0549715  + .0000415,?  - .002762D  - .0000777C 

+ .0000433aX-  .0000076  ||  x FSPD  - .0035995M2 


210 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPON  CLUSTER  + RACK 
INBOARD 

YAWING  MOMENT  COEFFICIENT 

c£  - 6°,  0 m +io° 

W - .6  - .95 
JiLe  - 16°  - 72.5° 


cnsa 

AR  - - .0422681  - .0000107/  + .0036010D  - .0001237C 
- .00009494*  - .0000055  x FSPD  - .0023545M2 


.0/0 


-■0*0 


-.0*0  -.005  O .005  OlO  X), 

PREDICTED  j» 

HFBZ 


211 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPON  CLUSTER  + RACK 
INBOARD 

YAWING  MOMENT  COEFFICIENT 

oC  - 6°,  /O  - -10° 

MN  - .6  - .95 

Ait  “ 160  - 72*5° 

cnsa 

rrj  AR  - .0880471  - .0000079^ -q.0031223D  - .0002538C 

FB  + .0000631  AX  - .0000231  x FSPD  - .0032364M2 

rA 


PREDICTED 


212 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPON  CLUSTER  + RACK 
INBOARD 

ROLLING  MOMENT  COEFFICIENT 

o C = 16°,  (3  = 0° 

MN  = .6  - .95 
Aie  “ 16°  - 72.5° 


C/SA 

NFB2 


AR  = 


.0221949  + .0000296J?  + .0013328D  - .0000212C 
. 00004 40AX+  .0000022  x FSPD  + .0000266M2 


213 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  WEAPON  CLUSTER  + RACK 
INBOARD 

ROLLING  MOMENT  COEFFICIENT 

oC  m e°,  /3  - o° 

MN  - .6  - .95 
* 16°  - 72.5° 

C^gA 

^7  AR  » - .0176370  - .0000228/ +gA0015012D  - .0000390C 
- .0U00068AX-  .0000023  FA  x FSPD  + .0000432M2 


8- 


215 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
TOR  WEAPON  CLUSTER  + RACK 
INBOARD 

ROLLING  MOMENT  COEFFICIENT 

o C - -9°,  0 - 0° 

MN  * .6  - .95 
Alf  - 16°  - 72.5° 

C/SA 

^2  AR  * • .0925557  + .0000612J?-  .0046203D  - .0001648C 
+ .0000004AX-  .0000140  ~ x FSPD  + .0006644M2 


£A-‘« 


- 9-**fr**t 


{ 

V 

J 

[ 

l 

s 

1 

K 

E 

E- 

£ 


5 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 

NORMAL  FORCE  COEFFICIENT 


« LOAD  ' 16' > 

M - .60  - 

^ LE  - 16°  - 


jS  *>  o° 

.95 

72.5° 


CNPA 

NFB2 


AR  = .1722391  - . 0020058  £ + .0030600D  + .G000543C 
+.0002888AX  - .0000004  ~ x FSPD  - .0064320M2 


.005 


.0/0 


■ o/r. 


.O'/C 


PR.LDICTLD  ^ 


T£5 


l 

s 

5 


( 

6 


i i 

> ] 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 


NORMAL  FORCE  COEFFICIENTS 
^ LOAD  ' +6°-  6 ' °° 


JL 


M 

LE 


.60  - .95 
16°  - 72.5° 


%A 

NFB2 


AR 


-.0686479  + . 0004705  .0003968D  - .0000040C 

+.000032^X  + .0000025  x FSPD  + .0065590M2 


I 


* 


-005 1 

i 

-09?  O .005  ■ 0/0  .0/5  070 

PREDICTED  AR 

MF di 

220 


221 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 

NORMAL  FORCE  COEFFICIENT 
=-9°  B=o° 

M - .60  - .95 
LE  = 16°  - 72-5° 


-2  AR  = -.2336266  + .0030141  (L-  .0107959D  - .0002350C 
00049 67AX  - .0000066  14  x FSPD  - .0203926M2 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 

NORMAL  FORCE  COEFFICIENT 

O'-  load  ■ 6°-  & ■ +1°° 

M » .60  - .95 
_^L£  = 16°  * 72-5° 


'2  AR  * .1587650  - .0015536.#  + .0041798D  + .0000807C 

+.0001380Z\X  + .000000002  — x FSPD  + .0031612M2 

FA 


^ 0 


k -m 

ts 


G &>0  7® 

0 0/  o 

° °/ 

~ o / Q ~ 


-.005  o 

PREDICTED  — AE 

VFtP 


£ 

-i 

i 

< 


r„ 

K 

i 

?• 


l 


re  TTiW>T'  X.iSrJL, 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 


NORMAL  FORCE  COEFFICIENT 


LOAD 

M 


LE 


6°,  6 - -10° 

.60  -.95° 

16°  - 72.5° 


%A 

NFB2 


AR  * -.0273567  + 
+.0000961AX 


. 0000786  . 0004042D  + .0000I64C 

- . 0000070  x FSPD  + .0057234M2 


* 

& 

i 

4 

k- 

'( 

: 


$ 


l 

f 

jj. 

» 

r 

7 

l 


224 


TEST 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 

SIDE  FORCE  COEFFICIENT- 


a 


LOAD 

M 

-A-  LE 


16°,  (3  - 0C 

60  - .95 


16°  - 


72.5 


Cy 

— — 2 AR  - .4706168  - .0033429^  + .0074145D  - .0003203C 
NFB  -.00042734X  - .0000111  x FSPD  - .0013383M2 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 

SIDE  FORCE  COEFFICIENT 

a - 6°  3 - o° 

W LOAD  ’ P U 

M - .60  - .95 

Jl 


LE 


16°  - 72.5° 


AR  * .2500346  - .0018354^+  . 0042186D  - .000I2/9C 
- . 0001920AX  - .0000080  ~ x FSPD  + .0043464M2 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 

STDE  FORCE  COEFFICIENT 

LOAD  '9  ’ ^ " °° 

M - .60  - .95 
, « 16°  - 72.5° 


AR  - -.057248  + .0007701^-  .0029604D  + .0000151C 
-.00008124X  - .0000008  x FSPD  - .0056539M2 


PREDICTED 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 

SIDE  FORCE  COEFFICIENT 


(X 


LOAD 

M 


- 6 


’.A 


+10" 


.60  - .95 


- 16°  - 72.5° 


'LE 


CY 


SA 


AR 


.7757195  - .0054813/+  .0111078D  - .0003C71C 


NFB 


-.0007301AX  - .0000247  — x FSPD  - .0120978KV 


TEST 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK-  + PYLON 
Outboard 

SIDE  FORCE  COEFFICIENT 


^ LOAD 
M 

LE 


.60 

16° 


.95 

72.5° 


.0683961  - .0002651 &+  .0008327D  - .0001587C 
- . 0001595ZX  - .0000021  * FSPD  + .0081253M2 


Xr.*&ZAr~l 


TEST 


T£ST 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 


PITCHING  MOMENT  COEFFICIENT 


^ LOAD 
M 


0 


o 


.95 

72.5° 


cmpA 

2 

NFB 


AR 


.0187077  - . 0003014/ -t-  .0011525D  + .0000354C 
+.00007634X  + .0000006  ~ x FSPD  - .0004960M2 


.CIO 


oo $ 


-.00$ 


-oio 


-.oio  -.005  o .005  010  .or ; 

PREDICTED  Cn,p*  M 

We7 


233 


TEST  jp 

-Tryrrs 


test 


T€5T 


!3Xic«  ■ 


% 


i 

\ 

r 

r 


v 

\ 


1 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 

PITCHING  MOMENT  COEFFICIENT 


a 


LOAD 
. M 

LE 


6°,  3-  -10° 

.60  - .95 
16°  - 72.5° 


CmPA 

NFB2 


AR  - -.1241960  + .0013389^-  .0047829D  - .0000277C 
-.00011864X  + .0000022  ~ x FSPD  - .0034251M2 


.OIO 


-0/0  -00*)  o oo 5 .OlO  .0/5 

PREDICTED  Crnj*  i£ 

UfS^ 


236 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 

YAWING  MOMENT  COEFFICIENT 


m 

16°,  ( 

$ - O' 

' LOAD 

M - 

.60  - 

.95 

- 

16°  - 

72.5 

LE 

NFB2 


AR 


.0577084  - . 0006390 /+  .0021060D  + .0000437C 
+.0000951AX  - .0000014  |~  x FSPD  - .0020375M2 


.0/0 


.005, 


- 0/0 


-.0/0 


-.005  O .005 

MED/ C TED  AX 


.0/0 


.O/C 


237 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 

YAWING  MOMENT  COEFFICIENT 
^ LOAD  6°’  £-°° 


A 


M 

LE 


.60  - .95 
16°  - 72.5° 


Q 

■ ar  - .0363943  - . 0004175  J?  + .0014577D  + .0000233C 

NFB  «nnApn/iif  nnnnnnt  SA  norm 


TT 


COMPARISON'  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  4-  RACK  + PYLON 
Outboard 

YAWING  MOMENT  COEFFICIENT 


a 


LOAD 


-4°,  0 - 0° 

.60  - .95 
16°-  72.5° 


.0207278  - .0002029^+  .00068I6D+  .0000075C 
+.0000241AX  - .0000011  fj  x FSPD  - .0014273M2 


T£sr 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 

YAWING  MOMENT  COEFFICIENT 


v>n 

— AR  » .0259114  - ,0002420/-+  . 0008334D  + .0000056C 
NFB  +.nnomfis4Y  - .nnnonin  — v fsph  - . ooirisim2 


Outboard 

YAWING  MOMENT  COEFFICIENT 


a 


LOAD 
M 

LE 


+6  , 

.60 

16° 


B ~ +ioc 

- .95 

- 72.5° 


'nSA 

r 

nfb" 


AR  - .0864733  - .00104951+  .0039743D  + .0000518C 

+.  0001269^1  X + .0000003  — x FSPD  - .0008079M2 

FA 


TEST 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 

YAWING  MOMENT  COEFFICIENT 


a 


LOAD 
M 

LE 


6°,  £>-  -10C 

.60  - .95 
16°  - 72.5° 


NFB2 


AR 


-.0008678  + .0000949^-  .00065I6D  - .0000025C 
-.00001734X  -.0000021  fr  x FSPD  - .0021274M2 


.0/0 


.005 


-o/o 


.0/0  -.005  O 005  .0/0  .0/5 

PQEDtCTED  4p 

/JfFEn 

242 
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COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 

ROLLING  MOMENT  COEFFICIENT 


LOAD 


16°,  0-  0C 


A 


M = .60  - .95 
...  - I6°-  72. .5° 

Lfc 


-.0936017  + .0007323/-  .0018417D  + .0000395C 


X-  \ 

— --2  AR 

NFB  + .0000479/4X  + .0000021  ~ x FSPD  + .0000335M2 

FA 


a em — j'~  — — - 


JS-31 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 

ROLLING  MOMENT  COEFFICIENT 

aT_  - 6°,  9 « o° 


LOAD 

M 

_/t-  T 


.60  - .95 
16°  - 72. 5C 


.0484171  + .0003806 


L . 


0009682D  + . 0000171C 


+.00002717Z1X  + .0000009  x FSPD  - .0003218M2 

FA 


4 0 
0^ 


PREDICTED  %^-AZ 


244 


245 


tst  jp 

t,eD2 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK  + PYLON 
Outboard 

ROLLING  MOMENT  COEFFICIENT 


^LOAD 

M 

LE 


-9  4 - 0U 

.60  - .95 
16°  - 72  5° 


C/: 


AR  - .0116152  - .0001304^  + .0004534D  - .0000023C 


NFB 


+.0000117AX 


.0000001  x FSPD  + . 0001654M2 
• FA 


OIO 


CX/j 


O 


-.005 


- OIO 


-.OlO  OO1,  Or  005  00  .01$ 

PREDICTED  id 

HFB1 


246 


resr 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  -f  RACK  + PYLON 
Oufboard 

ROLLING  MOMENT  COEFFICIENT 


a 


LOAD 
M 

~/L  LE 


6°,  e - -ioc 

.00  - .95 
16°  - 72.5° 


AR  - -.0081651  + .0000391/-  . 0001567D  + .0000188C 


NFB 


+.0000143dX  + .0000003  ~ x FSPD  - .0012870M2 

FA 


.0/0 


.005 


-0/0 


0/0 


-005  o 

PREDICTED 


~ * SA 

UFB1 


,00$ 


r ah. 


.0/0 


248 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Oufboard 

NORMAL  FORCE  COEFFICIENT 


a - 16°  @ - 0° 

LOAD  ’ K U 


M - .60  - .95 
- 16°  - 72.5° 


-.0987691  + .0005441/+  .0002258D  + .0000224C 
+.00012064X  + .0000059  x FSPD  - . 0055904M2 


Outboard 

NORMAL  FORCE  COEFFICIENT 


^ LOAD 
M 


6°,  (3-  0° 

.60  - .95 


-^LE  * 16°  ' 72'5° 


%A 

NFB2 


AR 


-.0290420  + .0001833  / - .0000561D  -.0000121C 
+.0001315^X  + .0000010  — x FSPD  + .C064087M2 


250 


‘f 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
^•jfboard 

NORMAL  FORCE  COEFFICIENT 


LOAD 

M 

-^•LE 


-4°,  0 - 0° 

.60  - .95 
16°  - 72.5° 


CNPA 

NFB2 


AR  - .0757537  - .0002127  / - .0006255D  - .0000792C 
- . 0001333/1 X - .0000082  x FSPD  - .0054677M2 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Outboard 

NORMAL  FORCE  COEFFICIENT 

Ct  * -9°,  8 - 0° 

LOAD  ’ 

M - .60  - .95 


^tLE  ■ 16°  - 72.5“ 


5^2ar 

NFB 


.1151453  - .0003915/  - .0002011D  - 
-.000195UX  - .0000134  ~ x FSPL  - 


PREDICTED 


r^AT'  '-n 


- oio  005  o ocs  o/o  <y$ 

PREDICTED  At 
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COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Outboard 

NORMAL  FORCE  COEFFICIENT 


(X 


LOAD 

M 

LE 


6°,  3 - -10C 

.60  ' -95  « 
16°  - 72.5 


Cnpa 

NFB2 


AR  - -.1185786  + .0012230/-  .0039128D  - .0000521C 
-. 0000725/) X - .0000035  ~ x FSPD  + .0048059M2 


254 


i f-*-»  r-ffc  J 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Outboard 


SIDE  FORCE  COEFFICIENT 


^ LOAD 
M 


Ji 


LE 


6°,  B - 0° 

.60  - .95 
16°  - 72.5° 


cySa 

NFB2 


AR 


.2126746  - .00151117/+  .0034772D  - .0001422C 
- . 00028064 X - .0000013  — x FSPD  + .0032703M2 


256 


ittaifiaaa 
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COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Outboard 

SIDE  FORCE  COEFFICIENT 

ry  m _4°  $ rn  0° 

0*.  TAAn  H u 


^ LOAD 
M 

Xr 


.60  - .95 
16°  - 72.5° 


—^2  AR  * -.0443961  + .0005617/-  .0019807D  - .0000216C 

KTFB  -.  0000967^ X + .0000002  x FSPD  + .0008805M2 

FA 


PEED/CTED  XX 


r Jtt^ 


~ U r ~ t - 


t 


COMPARISON  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Outboard 

SIDE  FORCE  COEFFICIENT 


# LOAD 
M 

LE 


-9°,  (3 


0 


.60  - .95 


16 


72.5 


NFB 


AR 


-.0853632  + .0009737^-  .0034294D  - .0000118C 
-.C001663^X  + .0000038  ^ x FSPD  - .0009149M2 


.m 


\ 


i 


L 


C 


.(fjrj  .oto  .ok  c?<  .o;". 

PREDICTED  az 

NF82  * 


258 


AJFB* 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Outboard 

SIDE  FORCE  COEFFICIENT 

<X  LOAD  * 6°'  ^ ' «°° 

M - .60  - .95 

JL.V  - 16°  - 72.5° 

LE 


AR  - ,4188619  - .00326820^+  .0073149D  - .0001224C 
-.000367 \t X - .0000037  x FSPD  - .0052403M2 


PREDICTED  — ^ AZ 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Outboard 

PITCHING  MOMENT  COEFFICIENT 
- 6°,  8 - 0° 


LOAD 

M 

t c 


.60  - .95 
16°  - 72.5° 


CmPA 

NFB2 


AP. 


.0148426  - . 0000807 - .0001362D+  .0000206C 
+.00001354X  - .0000013  ~ x FSPD  - .0035323M2 


262 


COMPARISON  OF  TEST  AND  PREDICTED 
FOR  SINGLE  WEAFON  + RACK 
Outboard 

PITCHING  MOMENT  COEFFICIENT 


a 


LOAD 

M 

1 LE 


-4° 

.60 

16° 


- -95 

- 72.5° 


DATA 


CrnPA 

— 2 AR  - -.0225953  + .0000690^  + .0001233D  + .0000284C 
+. 00004324 X + .0000020  ||  x FSPD  - . 0005099M2 


.010 


^63 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Outboard 

PITCHING  MOMENT  COEFFICIENT 

^ LOAD  '9  » ^ " °° 

M = .60  - .95 
-Ire  * 166  - 72.5° 


-.0115292  - .0000152^+  .0000772D+  .0000496C 
+. 0000820AX  + .0000004  & x FSPD  + .0009296M2 


P2CO/CT2P  C'”P4 


>££. 


264 


E 


1 


<<'MPAKT^<»N  OF  I !•  T AND  PR K DIETED  DATA 
FOR  ^ T NO  i ! WEAPON  + RACK 
Outboard 

i’l  rrqiNf.  MOMENT  COEFFTCT ENT 


V - 


_/ 


*;nr 


i ' ' • 7 3 6 H 4-  .0 00  744M/’.  ,002<SA.'2D  - 

f .00000 16  — x ~ S PD  - 
FA 


.00000 3 5 C 
00367! BM2 


I 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Outboard 

YAWING  MOMENT  COEFFICIENT 


a 


LOAD 

M 

^ LE 


16°,  £ - 0° 

.60  - .95 
16°  - 72.5° 


C 


^SA 

NFB2 


AR 


.0460505  - .0005154/+  . 00I6293D  + .0000608C 
+.0001262^X  - .0000025  §£  x FSPD  - .00I9533M2 


i 

; 

« 


4 

3 

t 


i 

) 


\ 


3 


1 


r-ic 

• /L  o'  r 

’ l //Is  ^ ‘ '•<  Jj 

///  /■  ■' 


1 


26; 


TEST 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Outboard 

YAWING  MOMENT  COEFFICIENT 


a 


LOAD 

M 

LE 


6°,  e - o° 

.60  - .95 
16°  - 72.5° 


AR  - .0326935  - .0004437^  + .0016805D+  .00004537C 
+.0001006ix  - .0000008  ~ x FSPD  - .0014820M2 


.o/o 


.005 


-.005 


-.010 


-oio  -005  o .005 

PREDICTED  — 5-  ae. 

NF&z 


268 


0/0 


X>/5 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Outboard 

YAWING  MOMENT  COEFFICIENT 


, _4° 

£«  o' 

LOAD  ‘ ’ 

M - ,60 

- .95 

-^LE  * 16° 

- 72.5' 

C; 


SA 


NF8 


AR 


.0281080  - .0003168/+  .P011596D  + .0000131C 
+. 000047 lAx  - .0000011  ~ x FSPD  - .0010032M2 


OJO 


-oto 


-.do 


OC 

PPL  UK  it  / 


06' 


_>■  if. 

n- 


Ak. 


OK 


c/r. 


269 
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COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Outboard 

YAWING  MOMENT  COEFFICIENT 


(X 


LOAD 
M 

LE 


0 


-9° , $ 

.60  - .95 
16°  - 72. 5C 


C 


nSA 

NFB2 


AR 


.0045833  - .0001016^+  .0005686D+  .0000075C 
0000443^X  - .0000014  x FSPD  + .0000545M2 


.010 


-o/o 


- OK>  005  O 005  OlO  O/ 

PREDICT LD  AR 

upe* 


270 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Outboard 

YAWING  MOMENT  COEFFICIENT 


CX 

LOAD 

M 


-A. 


LE 


-10 


o 


.95 

72.5 


o 


‘SA 


NFB 


AR 


-.0149745  + . 0002443  £ - .00130I4D+  .0000030C 
- . 00002 70AX  - .0000022  ~ x FSPD  - .0028448M2 


oJO 


TEST 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Outboard 

ROLLING  MOMENT  COEFFICIENT 


LOAD 


16° , P - 0° 


M - .60  - -95 
- 16°  - 72. 5C 


.0048296  - .0000321 


. 0000705D  - . 0000026C 


000006L' X + .00000001  ^ x FSPD  + .0000897 


COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Outboard 

ROLLING  MOMENT  COEFFICIENT 


^LOAD 

M 

"^LE 


0 


0 


60  - .95 


16°  - 


72. 5V 


ClSA 

NFS2 


AR 


-.Q00797  5 + . 0000073  i-  .0000212D  + .OO0OOO2C 
- . 00000024 X + .OOOuOOl  x FSPD  + .0000626M2 


; 

.0/0 

K 

i 


PREDICTED  £lSL,e 

NEB2 


1 

1 


3 

1 

i 

•1 

1 


i 

i 

i 

j 


i 

;•! 

y 

5 


l 

> 

\ 


2 

‘4 


* 

j 

3 

1 
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COMPARISON  OF  TEST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Outboard 

ROLLING  MOMENT  COEFFICIENT 

a.  - -9°,  £-°° 


LOAD 

M 


6 J - .95 
16°  - 72. 5C 


-.0066227  + . 0000640 /-  .000193&D  - .0000031C 
- . 0000039/1 X - .00000001  14  x FSPD  - .0000809M 


277 


* 

\ 
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COMPARISON  OF  TFST  AND  PREDICTED  DATA 
FOR  SINGLE  WEAPON  + RACK 
Outboard 

ROLLING  MOMENT  COEFFICIENT 


^ LOAD 
M 

/L  LE 


ii 


- I0L 


6 , l 

.60  - .95 
16°  - 72.5° 


C, 

•£  SA 

NFB2 


AR  - -.0057540  + . 0000544  ^ - .0001822D  + .0000005C 
- . 0000019/f  X + .00000005  ||  x FSPD  - .000I478M2 


.0/0 


T.~&  ■ii-.inr  Vi-  1-1.  — ■■ 
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SECTION  IA 


I 


INTRODUCTION 


This  appendix  presents  calculation  techniques  for 
the  determination  of  aerodynamic  forces  and  moments  acting 
on  various  aircraft  external  store  configurations.  The 
methods  are  presented  in  an  aerodynamic  handbook  format 
and  the  results  are  intended  for  use  in  the  de termination 
of  critical  design  loads  during  the  preliminary  design 
phase  of  aircraft  development.  The  methods  presented  are 
in  an  equation  format  so  that  the  aerodynamic  normal  load, 
side  load,  pitching  moment,  yawing  moment,  and  rolling 
moment  may  be  calculated  for  a specific  external  store 
configuration  in  proximity  with  other  stores.  The  techni- 
ques presented  allow  the  determination  of  store  loads  as  a 
function  of  geometry  parameters  associated  with  the  wing 
planform,  the  store  geometry,  the  relationship  of  the  stores 
to  the  wing,  and  the  proximity  of  the  fuselage  and  other 
adjacent  stores.  Each  component  of  the  aerodynamic  store 
load  r«ay  be  calculated  at  particular  angles  of  attack  of 
the  store  and  at  a particular  sideslip  angle  Calculations 
may  made  at  Mach  numbers  from  0.6  to  0.95  for  generalized 
store  configurations  and  for  a limited  set  of  configurations 
up  to  Mach  numbers  of  1.6. 


SECTION  2A 


APPLICATION  OF  PREDICTION  TECHNIQUES 


All  of  the  methods  described  in  this  appendix  for 
evaluating  the  aerodynamic  forces  and  moments  acting  on 
various  external  store  configurations  were  developed  from 
the  empirical  correlations  of  F-lll  experimental  data. 

These  correlations  were  accomplished  using  statistical 
regression  analysis  techniques.  The  statistical  regression 
techniques  utilized  produced  linear  mathematical  relation- 
ships between  the  particular  aerodynamic  force  or  moment 
being  investigated  and  various  geor.  etric  correlating  para- 
meters. The  investigations  were  conducted  for  various 
major  classifications  of  stores  and  these  classifications 
are  illustrated  in  Figure  1A. 

To  apply  the  methods  of  this  handbook  to  a particular 
external  store,  configuration  reference  is  first  made  to  the 
schematic  diagrams  shown  in  Figure  1A  to  establish  that  the 
veapon-rack-pylon  configuration  is  a weapon  cluster  or  a 
single  weapon.  If  the  configuration  is  a weapon  cluster 
aerodynamic  loads  may  be  calculated  on  the  outermost  pylon 
location  from  one  set  of  relationships.  If  the  weapon  clus- 
ter is  mounted  on  any  of  the  inboard  pylon  locations  another 
set  of  relationships  is  utilized  for  all  these  locations. 

For  a weapons  cluster  two  or  three  weapons  on  a triple  ejec- 
tor rack  (TER)  or  four  or  six  weapons  on  a multiple  ejector 
rack  (MER  or  BRU)  may  be  analyzed. 


For  single  weapons  on  a particular  pylon  location  sue-  < 
cessful  correlations  were  accomplished  and  relationships  ’ 
developed  for  "he  outer  weapon  location  only.  As  explained  j 
in  Section  4 of  the  report,  correlations  were  not  successful  j 
for  the  single  weapons  on  the  inboard  pylon  locations  and  j 
predictions  for  these  locations  would  depend  on  determina-  ' 
tion  of  component  force  and  moment  data  for  specific  store  > 
arrangements  from  Table  III  of  the  report  or  from  other  • 
data  sources  such  as  NASA  data  (References) . i 


The  data  used  in  the  correlation  studies  was  obtained 
from  wind  tunnel  testing  of  the  F-lll  l/12th  scale  model 
with  various  external  store  arrangements.  A general  ar- 
rangement of  the  F-lll  is  shown  in  Figure  2A.  The  wing 
planform  with  pylon  locations  noted  as  a function  of  sweep 
angle  is  shown  in  Figure  3A. 

Until  some  experience  is  accumulated  in  applying  the 
methods  of  this  handbook  to  other  configurations  it  is 
recommended  that  the  geometric  limitations  of  Table  IA  not 
be  exceeded.  These  limitations  are  a summary  of  the  maxi- 
mum and  minimum  wing  sweep  angles  and  the  diameter  and 
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WEAPON  LOCATION 

WING  SWEEP  RANGE  WEAPONS  CLUSTER  SINGLE  WEAPON 


TER  RACK  MER  or  BRU  RACK 

(Triple  Ejector  Rack)  (Multiple  Ejector  Rack) 


Figure  IA  Weapon  Configuration  Coverage 
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Maximum 


Table  IA  Geometry  Limitations  Applicable  to  Correlation  Studies 


length  of  the  various  weapons  included  in  the  empirical 
correlations . 

In  the  format  presented  in  Section  3A,  linear  equations 
are  presented  which  allow  calculation  of  five  components 
of  force  or  moment  acting  on  various  external  store  arrange- 
ments. The  coefficients  for  these  equations  are  contained 
in  tabular  form  and  are  grouped  according  to  major  store 
configurations . The  calculations  are  made  for  specific 
angles-of-attack  for  +16  degrees  to  -9  degrees  and  for  +10 
and  -10  degrees  sideslip  at  an  angle  of  attack  of  +6  degrees 


2S0 


SECTION  3A 

CALCULATION  OF  EXTERNAL  STORE 
AERODYNAMIC  LOADS 

The  methods  used  in  this  appendix  to  determine  the 
aerodynamic  loads  acting  on  an  external  store  configuration 
are  derived  from  statistical  techniques  which  produced  a 
linear  equation.  This  equation  contains  various  geometric 

8 p^am?ter|  <Table  HA)  and  allows  the^alc^la- 
tion  of  a particular  force  or  moment  coefficient  acting  on 

St0re  “nf iguratlon  at  specific  angles  of 
follows-  The  aerodynamic  coefficients  are  calculated  as 


Normal  Load  Coefficient 


, AR  NE2 

■'N  7 0 

PA  NFB  NFB 


rA 

■ C1  pX(FSPD)  + C2  I + c3d 
+ C4C  + Cj  A x + C6K2  + C7 


q _ Normal  Load 

NPA  q (planform  Area) 


Side  Force  Coefficient 


AR'  NB2  , SA,  i 

2 ? = C1  ?a(FSPD>  + C J + C0d 

FR  NFTT  1 FA  2 3 


SA  NFB  NFB 


+ C^C  + C5  Ax  + C^M2  + C- 


P Side  Load 

y q (Side  Projected  Area) 


Pitching  Moment  Coefficient 


, # AR  NB 

mPA  NFB2  NFB2 


= c!  ff(FSPI>)  + C9  l + C3d 
+ C.C  + Cr  Ax  + CLM2  + C, 

4 j b / 


+ C 


MER 


Pitching  Moment 


''aipA  q (Planform  Area)  (Overall  Length) 


Yawing  Moment  Coefficient 


C 

n 


AR'  NB2 


c;  a \ 

= C1  pt(FSPD)  + C2  I + C3d 
+ C4C  + C5  A x + CgM2  + C? 
+ CMER 

Yawing  Moment 

q (Side  Projected  Area) (Overall  Length) 


SA  NFB2  NFB2 


n 


SA 


Rolling  Moment  Coefficient 

,2 


C\  • 


^2  ^“2  = C1  ff^FSPD>  + C2'l  + C3d 


SA  NFB  NFB 


+ C,C  + C,  A x + CLM2  + C, 
4 5 6 7 


+ C 


MER 


Rolling  Moment 


^ SA  ^ (Side  Projected  Area) (Overall  Length' 


The  coefficients  allow  the  calculation  of  an  aerodynamic 
force  or  moment  for  weapons  cluster  configurations  on  any 
pylon  location  or  for  single  weapons  at  outboard  pylon  loca- 
tions. The  aerodynamic  coefficient  may  be  calculated  for 
angles  of  attack  of  +16,  +6,  -4  and  -9  degrees  at  zero 
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SA  - SIDE  PROJECTED  AREA 

FA  = FRONTAL  AREA  OF  WEAPONS  + RACK  + PYLON 

PA  * PLANFORM  AREA  OF  WEAPONS  + RACK  + PYLON 

FSPD  - FUSELAGE  SIDE  TO  £ OF  PYLON  DISTANCE 

AR.  - b 2/PA  or  b'  2/SA 

\ * OVERALL  LENGTH  OF  LOAD  ON  FYLON/RACK 

D * DIAMETER  OF  WEAPON 

C = WING  CHORD  AT  PYLON  LOCATION 

AX  * WEAPON  NOSE  TO  WING  L.E.  X-DISTANCE 

NFB  = NUMBER  OF  FRONT  BOMBS 

NB  - NUMBER  OF  BOMBS 

M - MACH  NUMBER 

K = WING  SWEEP 
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sideslip  angles  and  +10  and  -10  degrees  sideslip  angles  at 
6 degrees  angle  of  attack  for  Mach  numbers  from  0.6  to  0 9b 
The  equations  yield  estimates  of  five  components  of  aerody- 
namic forces  and  moments  acting  on  various  external  store 
configurations  as  previously  illustrated  m Figure  -A.  Co- 
efficients for  particular  external  store  arrangements  are 
contained  in  Tables  III  through  VIII  as  follows: 

Table  Store  Configuration 

III  A-l  Weapon  Cluster  + Rack  + Pylon  (Outboard) 

A-2  Coefficients  for  Calculation 

IV  A-l  Weapon  Cluster  + Rack  + Pylon  (Inboard) 

A-2  Coefficients  for  Calculation 

V A-l  Weapon  Cluster  + Rack  (Outboard) 

A-2  Coefficients  for  Calculation 

VI  A-l  Weapon  Cluster  + Rack  (Inboard) 

A-2  Coefficients  for  Calculation 

VII  A-l  Single  Weapon  + Rack  + Pylon  (Outboard) 

A-2  Coefficients  for  Calculation 

VIII  A-l  Single  Weapon  + Rack  (Outboard) 

A-2  Coefficients  for  Calculation 
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297 
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299 
30C 

301 

302 

303 

304 

305 

306 


Two  sample  calculations  are  shown  on  page  307  for  tne 
normal  load  acting  on  two  different  types  of  externa.1, 
store  conf igurations . 

For  a weapon  cluster  arrangement,  two  types  of  racks 
are  considered  as  shown  in  Figure  IA.  Aerodynamic  loads 
acting  on  a rack  containing  up  to  three  weapons  (TER  rack) 
or  or.  a rack  contain  ng  up  to  six  weapons  (MER  rack)  may  be 
determined . 


For  the  TER  configurations  the  term  CMpn 

TIER 


~MFR  *S  zero  • F°r 

MER  rack  configurations  the  coefficient  CwT?nKis  obtained 


from  Tables  III  A-2  through  VI  A-2. 

The  terms  outboard  and  inboard  refer  to  pylon  station 
locations  with  respect  to  other  pylons.  The  terms  are  best 
defined  by  referring  to  Figure  IA  or  the "Weapon  Location” 
depicted  in  Tables  III  A-l  through  VIII  A-l. 


Weapon  Cluster  + Rack  + Pylon  (Outboard) 


Tab  12  III  A- 2 COEFFICIENTS  FOR  CALCULATION  OF  EXTERNAL  STORE  AERODYNAMIC  LOADS 
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Table  IV  A- 1 PREDICTION  CHART  GUIDE-.  Weapon  Cluster  + Rack  + Pylon  (Inboard) 


TabLe  IV  A- 2 COEFFICIENTS  FOR  CALCULATION  OF  EXTERNAL  STORE  AERODYNAMIC  LOADS 


WEAPON  LOCATION  SEE  TABLE  V A-2,  PAGE  300. 
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Table  V A- 1 PREDICTION  CHART  GUIDE:  Weapon  Cluster  + Rack  (Outboard) 


Table  V A-2  COEFFICIENTS  FOX  CALCULATION  OF  EXTERNAL  STORE  AERODYNAMIC  LOADS 
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Table VI  A- 1 PREDICTION  CHART  GUIDE:  Weapon  Cluster  + Rack  (Inboard) 
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3.1  Corrections  for  Supersonic  Mach  Numbers 


The  statistical  methods  of  data  correlaf'  n used  to 
develop  the  aerodynamic  force  and  moment  equations  pre- 
viously described  for  subsonic  speeds  could  not  be  used  to 
establish  similar  coefficients  for  supersonic  speeds.  From 
the  F-lll  wind  tunnel  testing,  only  a few  of  the  total  num- 
ber of  configurations  were  tested  at  supersonic  speeds  and 
the  volume  of  data  required  for  adequate  sampling  and  curve 
fitting  were  not  available.  It  was  necessary  then  to  use 
a different  approach  to  establish  supersonic  coefficients 
based  on  the  available  data. 

The  equations  produced  by  the  statistical  methods  used 
are  linear  and  can,  therefore,  be  easily  corrected  or  modi- 
fied. The  corrections  are  in  the  form  of  ratios  developed 
at  a constant  angle  of  attack  of  the  store  with  respect  to 
the  free  stream  over  the  range  of  Mach  numbers  for  which 
data  is  available,  M = .95  to  M = 1.6.  These  supersonic 
correction  ratios  a^-e  formed  by  taking  the  store  force  or 
moment  coefficient  at  the  various  supersonic  Mach  numbers 
to  the  force  or  moment  coefficients  at  M = .95.  They  are 
shown  in  Figures  4A  through  7A.  The  supersonic  correction 
ratios  can  be  directly  applied  by  factoring  the  subsonic 
coefficient  values  developed  from  the  statistical  equations 
for  the  appropriate  configuration  M = .95,  to  obtain  the 
supersonic  coefficient. 

The  supersonic  correction  ratios  should  be  applied 
only  to  single  stores.  A special  effort  should  be  made  to 
compare  the  configuration  being  evaluated  with  the  F-lll 
configurations  tested  at  supersonic  speeds  to  insure  that 
geometric  similarity  exists. 
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Single  Store 


Wing  Sweep  = 50° 
Inboard  Pylon  Location 


Figure  4A  Ratio  of  the  External  Store  Aerodynamic  Force 
or  Moment  Value  at  Supersonic  Speed  to  the 
Value  at  M = 0.95. 
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Figure  7A  Ratio  of  the  External  Store  Aerodynamic  Force 
or  Moment  Value  at  Supersonic  Speed  to  the 
Value  at  M = 0.95. 


3.2  Corrections  for  Pylon  Length 

One  geometry  parameter  which  could  have  a significant 
effect  on  the  various  components  of  aerodynamic  force  or 
moment  acting  on  the  external  store  configuration  is  the 
distance  of  the  store  below  the  wir surface.  This  param- 
eter was  not  tested  on  the  F-lll  since  the  external  store 
pylon  length  was  a constant. 

Data  for  this  parameter  for  single-stores  is  shown  in 
Figure  8A  from  Reference  16.  From  this  reference  it  can  be 
seen  that  the  vertical  displacement  of  the  store  makes  a 
substantial  difference  to  the  magnituie  of  the  normal  force 
acting  on  the  store  but  in  this  particular  test  does  not 
materially  affect  the  other  store  forces  or  moments  which 
were  measured.  It  would  not  be  proper  to  assume  that  the 
results  of  these  tests  are  universally  true  for  all  con- 
figurations. It  may  be  possible,  however,  to  draw  gener- 
alized conclusions  from  such  tests  which  would  be  of  value 
in  establishing  trends  for  other  configurations.  Because 
the  data  base  is  so  limited  the  conclusions  should  be  used 
only  to  establish  data  trends  from  which  recommendations 
can  be  made  for  wind  tunnel  testing  on  those  single-store 
configurations  which  exhibit  critical  design  loads. 

The  trend  effects  of  store  vertical  location  shown  in 
Figure  8A  give  an  indication  of  the  coefficient  corrections 
that  may  be  required  of  the  parameters  derived  in  Section 
3A.  The  normal  load  correction  will  tend  to  produce  a pos- 
itive load  on  the  store,  which  is  a function  of  angle-of- 
attack,  as  pylon  length  is  decreased.  There  is  no  correc- 
tion requirement  indicated  for  the  pitching  moment.  The 
side  loads  correction  would  tend  to  be  a constant  applied 
at  all  angles  of  attack.  The  total  yawing  moment  coeffi- 
cient corrections  will  also  tend  to  vary  as  a function  of 
angle-of-attack  and  there  is  no  correction  requirement  avail- 
for  the  rolling  moment  coefficient. 

The  data  could  be  applied  as  a correction  to  the  pre- 
dicted values  from  Section  3A  for  similar  geometric  arrange- 
ments. This  would  be  accomplished  by  multiplying  the  pre- 
dicted value  of  a particular  force  or  moment  by  the  ratio 
of  the  force  or  moment  from  Reference  16  at  the  new  vertical 
location  to  the  value  at  the  vertical  location  equal  to 
the  F-lll  data  of  Section  3A.  The  coefficients  shown  in 
Figure  3A,  however,  are  based  on  a different  reference  area 
than  those  defined  in  Section  3A  and  any  direct  numerical 
comparisons  made  between  the  coefficients  will  require  a 
correction.  All  of  the  coefficients  shown  in  Figure  8A  are 
referenced  to  the  store  maximum  cross-sectional  area. 
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The  ratio  z/d  is  defined  as  a ratio  of  the  distance  z, 
which  is  the  minimum  distance  from  the  wing  lower  surface 
to  store  longitudinal  axis,  to  the  dimension  d,  which  is 
the  maximum  st-'-'e  diameter.  The  corrections  for  pylon 
length  account  tor  pylons  shorter  than  the  pylons  used  for 
the  F-lll  (z/d  = 1.5).  Data  for  pylons  with  a greater 
length  have  not  been  accumulated. 

For  other  store  groupings  and  weapons  cluster  config- 
urations, the  aerodynamic is t must  make  a choice  of  ex- 
panding the  empirical  techniques  developed  in  this  report 
or  of  utilizing  a correlation  of  experimental  and  theor- 
etical aerodynamic  results  to  arrive  at  predictions  for  new 
aerodynamic  configurations.  Theoretical  aerodynamic  pro- 
cedures such  as  those  contained  in  References  26,  27  and 
28  have  recently  been  developed  which  are  able  to  analyze 
very  complex  geometric  arrangements . Seme  of  these  pro- 
grams will  actually  analyze  aircraft  configurations  with 
some  representation  of  single  external  store  installations. 
For  the  more  complex  external  store  arrar gements  with  sev- 
eral wing  positions  occupied,  theoretical  techniques  for 
aerodynamic  analysis  are  much  further  away  and  development 
of  empirical  prediction  techniques  based  on  correlations 
of  experimental  data  will  be  useful  for  many  years  to  come. 
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